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Preface to the Third Edition 

This volume has been written as a textbook for students who have had 
basic courses in chemistry and are interested in the chemistry o me ici 
nal and related products. Although, it-presents many elementary 
aspects of the subject so that the beginnet* hi this field of study can 
readily find his way to an understanding of the more advanced topics, it 
is intended primarily for students in the more advanced courses in 
pharmaceutical, chemical, biological, and medicinal science. It should 
prove of value and interest also to practitioners in these fields. 

The primary objective in writing the first edition .of the book was to 
organize the large number of organic medicinal compounds according 
to the accepted scheme of chemical clarification. The chemistry of 
methods of preparation, the properties, and descriptions of the more 
important compounds of each class were indicated. The uses and modes 
of administration were given so that some idea of the relative importance 
of the compounds might be gained. Where sufficient data were avail¬ 
able, correlations between physiological activity and chemical structure 
were made. Laboratory instruction has been correlated with the text 
in several colleges. A manual intended for this purpose has been pre¬ 
pared by Messrs. Hartung, Summerford, and Dunker. 

The completely revised second edition published in 1943 included a 
new chapter entitled “ Some Physiochemical Properties of Medicinal 
Products.” The general and favorable acceptance of the second 
edition, the rapid and extensive advances in the science of medicinal 
chemistry during the past few years, and the frequent as well as insistent 
demands from those who used the book prompted the authors and 
publishers to undertake a comprehensive and thorough revision. 

This third edition adheres to the original objectives. The organiza¬ 
tion into a rational systematic classification for purposes of instruction 
and reference of the large number of organic chemicals used as drugs 
has been further perfected. Typical methods of synthesis of important 
compounds have been further emphasized. Entirely new or com¬ 
pletely rewritten sections on such subjects as the Antibiotics, the 
Antimalarials, the Sulfonamide Compounds, the Amino Acids, the 
Antihistaminic Drugs, and Enzymes have been added. The nomen¬ 
clature, tabular data, formulas, and relationships of structure to physi¬ 
ological activity have been improved and carefully changed as necessary 
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in accordance with new findings. Every chapter has been thoroughly 
revised, partly or wholly rewritten, and additions have been made so 
that the new medicinal products are included. 

The difficult problem of including the many new theoretical concepts 
as well as the host of new medicinal compounds without producing an 
unwieldy volume has been met by an improvement in conciseness of 
expression, elimination of items that have become obsolete, reduction 
in the space given to treatment of subject matter not strictly pertinent 
to the objectives of the book, and generous references to available books 
and journals. A large number of references to the original literature 
have been added. The references to pertinent books and to journal 
reviews at the end of each chapter, which received wide commendation 
in the second edition, have been extensively revised and greatly in¬ 
creased in number. Likewise the General Bibliography of books which 
follows the last chapter has been much expanded. These references, 
particularly the review articles, may be used as the basis for a more 
extended study and search of the literature by those who wish further 
information on a particular subject. 

The abbreviations U.S.P., N.F., and N.N.R. after various items in 
this book refer to the Pharmacopoeia of the United States of America, 
thirteenth revision, the National Formulary, eighth edition, and to New 
and Nonofficial Remedies, 1947 edition, respectively. These references 
are given to enable those who use this book to find convenient additional 
information on official and accepted standards and uses for the various 
items designated by such abbreviations. 

The authors have sought diligently to select, present, and arrange 
the diverse subject matter in this book in a manner that will stimulate 
in the readers a better understanding and appreciation of the applications 
of chemical science to the development of organic medicinal products. 

Although many data are taken from original sources, acknowledgment 
is made of the value of the numerous textbooks and compendia that 
were available for consultation. Many friends have given us valuable 
assistance and helpful suggestions. We wish to express our special 
appreciation to Messrs. E. H. Northey, M. F. W. Dunker, Glenn 
Joseph, W. T. Summerford, F. Semeniuk, E. H. Engelhardt, E. C. 
Weinbach, and Miss B. L. Dunten. 

Suggestions for changes and corrections that will lead to improve¬ 
ments and make the book more valuable as a text and as a reference 
work will be gratefully received. 

Glenn L. Jenkins 
Walter H. Hartung 

August, 1949 
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CHAPTER I 
HYDROCARBONS 
1. SATURATED HYDROCARBONS 

Hydrocarbons, as the term implies, are compounds composed only of 
the elements hydrogen and carbon. Compounds possessing the general 
formula C„H 2iv+2 are called saturated hydrocarbons, aliphatic hydro¬ 
carbons (from fatty), paraffin hydrocarbons (from parum affinis, mean¬ 
ing “ little affinity ”), or alkanes; they are remarkably stable to most 
reagents. Compounds containing only primary and secondary carbon 
atoms, that is carbon atoms linked to one or at most two other carbon 
atoms, are called normal paraffins. Compounds differing from each 
other, between consecutive members of a series, by CH 2 or multiples 
thereof are said to be homologous or they may be called homologs. 
In Table 1 are given the formulas, names, and certain physical proper¬ 
ties of the normal, homologous paraffin hydrocarbons of the series 
C n H 2n+2 . 

Beginning with the formula C 4 H 10 more than one compound is known 
for each. Such compounds are known as isomers. The word isomer 
is derived from the Greek roots meaning “ equal ” and “ part.” Hence, 
isomers are compounds having the same molecular formula but differ¬ 
ing in one or more of their physical or chemical properties. The names 
and physical properties of the isomeric butanes, pentanes, and hexanes 
are summarized in Table 2. 

Occurrence 

The most important natural source of saturated hydrocarbons is 
petroleum. The low-boiling compounds, up to butane, are found in 
natural gas; the pentane and hexane fractions are known as petroleum 
ether or petroleum benzin; frequently the heptane fraction is included 
in ligroin; fractions beginning with pentane and boiling up to about 
150° are used as gasoline; the product distilling at 150-300° is compos- 
itely known as kerosene; the higher-boiling fractions may be blended 
for various lubricating oils or greases, or they may be “ cracked ” by 
pyrolytic methods for the purpose of augmenting the supply of gasoline. 

The great abundance and economic importance of the petroleum hydrocarbons 
tend to overshadow the natural but limited occurrence elsewhere of the paraffin 

1 
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TABLE 1 


Normal Paraffin Hydrocarbons 


Formula 

Name 

Boiling 

Point 

•a 

Melting 

Point 

°C. 

Specific Gravity 

ch 4 

Methane 

-161.4 

-184 

0.415 at 

-164° 

CjH* 

Ethane 

-88.3 

-172 

0.546 at 

-88° 

C|H« 

Propane 

-44.6 

-189.9 

0.685 at 

-44° 

C 4 Hi 0 

Butane 

0.6 

-135 

0.601 at 

0° 

C*Hii 

Pentane 

36.2 

-131.6 

0.621 at 

19.1° 

C.H14 

Hexane 

69 

-94.3 

0.660 at 

20° 

CtH,. 

Heptane 

98.4 

-90.2 

0.684 at 

20° 

C1H11 

Octane 

124.6 

-56.6 

0.707 at 

16° 

C#Hjo 

Nonane 

160.6 

-61 

0.718 at 

20° 

C10H11 

Decane 

174 

-32 

0.747 at 

20° 

CnHt 4 

Undecane 

197 

Mgraraw 

0.741 at 

20° 

CitHji 

Dodecane 

216 

mSnm 

0.768 at 

20° 

CiiH*i 

Tridecane 

234 


* 0.757 at 

20° 

C14H10 

Tetradecane 

262.5 

6.6 

0.766 at 

20° 

C11H11 

Pentadecane 

270.5 

10 

0.772 at 

20° 

Ci$Hj 4 

Hexadecane 

287.5 

’'Wh H 

0.776 at 

20° 

Ci;H|| 

Heptadecane 

303 


0.778 at 

20° 

C„H 4 , 

Octadecane 

317 


0.777 at 

28° 

C„H 40 

Nonadecane 

330 

32 

0.777 at 

32° 

CI0H4, 

Eicosane 

205 at 16 

38 

0.771 at 

38° 

C|,H «4 

Heneicosane 

215 at 15 

40.4 

0.776 at 

45.3° 

CttH 4 « 

Docosane 

224 at 15 

44.4 

0.778 at 

44.4° 

Cj|H 4 | 

Tricosane 

234 at 15 

47.7 

0.780 at 

48° 

C. 4 H .0 

Tetracosane 

243 at 16 

64 

0.779 at 

61° 

Ct»H»i 

Pentacosane 

284 at 40 

64 

0.779 


C*H ,4 

Hexacosane 

296 at 40 

60 

0.779 


C|»Hm 

Heptacosane 

270 at 15 

69.5 

0.779 at 

69.6° 


Octacosane 

318 at 40 

65 

0.780 


C**H 40 

Nonacosane 

348 at 40 

63.6 

0.780 


C,oH„ 

Triacontane 

235 at 1 

66.1 

0.780 


C11H44 

Hentriacontane 

302 at 15 

68.1 

0.781 at 

68° 

C11H44 

Dotriacontane 

310 at 15 

75 

0.775 at 

79.4° 

CiiHii. 

Pentatriacontane 

331 at 15 

74.7 

0.782 at 

76° 

CtoHisi 

Hexacontane 

— 

102 

— 



hydrocarbons. Methane is known to result from the metabolic processes of lower 
organisms. It has been obtained by the action of microorganisms upon cellulose 
and other polysaccharides. No successful fermentation of cellulose to form hydro¬ 
carbons for practical use has been achieved. n-Heptane has been isolated from 
Pinus sabiniana var. Douglas, Pinus jeffreyi, and Pittosporum resiniferum; n-nonane 
from pineweed (false St. John’s wort); n-undecane from Pinus excelsa and Pinus 
monticola; n-tetradecane from Chrysanthemum drierariaefolium; n-pentadecane in 
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SATURATED HYDROCARBONS 
TABLE 2 


Physical Properties op Isomeric Paraffins 




Boiling 


Specific 

Structure 

Name 



Gravity 

CHjCHjCHjCHi 

CH.CHCH, 

| 

n-Butane 

Ifiobut&ne 

0.6 

-10.2 

1 1 

£8 

0.601 at 0° 

0.603 at 0° 

1 

CH, 

CH,(CH,),CH, 

(CH,) tCHCHjCH* 
(CHOiC 

CH,(CH,)4CH, 

n-Pentane 

Isopentane 

Neopentane 

n-Hexane 

36.2 

31 

9.5 

69 

-131.5 

-160.5 

-20 

-94.3 

0.621 at 19° 
0.621 at 19° 
0.613 at 0° 
0.660 at 20° 
0.654 

0.676 *t 20° 
0.668 at 17° 

0.649 at 20° 

% 

CH,CH,CH,CH(CH8), 

(CH,CH,),CHCH, 

(CHi),CHCH(CH,), 

(CH,),CCH,CH, 

Isohexane 

3-Methylpentane 

2,3-Dimethy lbutane 
2,2-Dimethylbutane 

60 

64 

58.1 

49.7 

-135.1 

-98.2 


Kaempfcria galanga; n-hexadecane in rose oil; and n-octadecane in Solarium sodo- 
maeum. Many other hydrocarbons have been reported in plants. Many of them 
are of uncertain composition because of difficulty of exact analysis. The compounds 
C u H u , CsiHmi and C,.H„ are found in the wax from the chrysalis; the 
last is also found in the chrysaloids of the silkworm. Plants also produce long-chain 
hydrocarbons; in tobacco were found compounds melting from 58° to 70°, from which 
have been isolated and identified CnH«« and CstH,,; from the cabbage leaf was 
isolated Cj.H*>; from the fruit of the Pitlosporum undulatum could be identified 
CiiHu; from birch buds was obtained CnH,,; the waxlike coating of the pear 
yields a small amount of paraffins in which CwH«o predominates; among the non- 
saponifiable products of the nonvolatile constituents of the cotton plant was found 
Ci»Hu; rose wax consists more than half of saturated aliphatic compounds, the 
following having been identified and isolated: CisHia, 0.5 per cent; CwH«j, 8 per 
cent; C 11 H 44 , 2 per cent; CaiH4«, 6 per cent; Cj,H 4 ,, 6 per cent; C«H M , 8 per cent; 
CitHm, 15 per cent; CmHu, 6 per cent. 1 

The function of these paraffin hydrocarbons in plants is probably a 
protective one. The fact which often is particularly striking is the 
presence of compounds with uneven-numbered carbon chains; this is 
quite out of harmony with the observations as to the natural occurrence 
of aliphatic alcohols or of the fatty acids, which are found predominantly, 
if not exclusively, as chains with even-numbered carbon atoms. This 
suggests that the hydrocarbons must be formed from intermediates 
other than the alcohol or the acid. The presence, for example, in the 

1 For a more complete survey of the hydrocarbons occurring in plants see: Edward 
Kremers, “ Phytochemistry III. The Methane Series of Hydrocarbons,” Bulletin 
of the University of Wisconsin , Madison, 1934. 
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cabbage of the ketone (Ci 4 H»)*CO suggests the common origin of the 
ketone and of its companion paraffin C»Heoj neither, however, is likely 
to arise from pentadecylic acid. 

It is of interest also to note that from human pregnancy urine, but 
not from normal female human urine, have been isolated pentacosane 
and heptacosane, C 26 H &1 and CwHse- These are both higher-melting 
hydrocarbons, and there is no suggestion that they may have come into 
the urine from taking any petroleum product for laxative purposes. 

Preparation 

With the possible exception of methane, the pure, individual satu¬ 
rated aliphatic hydrocarbons are available only from synthetic sources, 
but in limited amounts. The methods and modes of formation may be 
briefly indicated: 

1. Reduction of halogenated hydrocarbons. 

2. Reduction of alcohols, ketones, aldehydes, esters, etc. 

3. Hydrogenation of unsaturated hydrocarbons. 

4. Decarboxylation of acids, e.g.: 

(а) By the distillation of the acids with sodium hydroxide or soda lime. 

(б) By the distillation of the acids with elemental selenium. 1 

5. The Wurtz synthesis: 

R—X + 2Na + R'-X —> R-R' + 2NaX 

This procedure is not well adapted for use with mixed alkylhalides but is 
quite satisfactory if R' * R- 

6. Electrolysis of the salts of fatty acids; the Kolbe synthesis: 

2 R—COOK —► 2 K + 2 COj + R—R 

If salts of two acids are electrolyzed, the reaction may be represented as 
follows: 2 

R—COOK + R'COOK —► R—R + R—R' + R—R' + 2K + 2C0 2 

7. From a metal alkyl by reacting with a compound having an active hydrogen: 

R—Mg—X + HOR' —► R—H + R'O—Mg—X 
R—Na + HOH —► NaOH + R—H 

8. Special methods for compounds like methane, e.g.: 

AI 4 C 3 + 12HOH —> 3 CH 4 + 4A1(0H) 3 
Hydrogenation of carbon monoxide, carbon dioxide, etc. 

9. The fractionation of natural gas and petroleum. 


1 Bertram, Chem. Weekblad, 33, 457-459 (1936); C.A., 30, 7097 (1«) 

* Matsui and Arakawa, Mem. Coll. Sci., Kyoto Imp. Unw., A15, 189-194 
C.A., 26, 5264 (1932) 
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Properties 

The aliphatic hydrocarbons are stable, but science has developed 
methods of degrading them, e.g., in the “ cat cracker,” isomenzmg or 
rearranging the natural products, and has devised procedures for form¬ 
ing various useful derivatives. Thus with bromine or with chlorine it is 
possible to prepare, by means of substitution, mono- or dihalogen de¬ 
rivatives. These halogenations are frequently assisted by means of 
catalysts. Iodine substitutes only to a very limited extent. The enter¬ 
ing halogen generally substitutes, in a normal_chain, on a secondary car¬ 
bon atom; the second halogen atom substitutes on a neighboring carbon 
atom, and only rarely on the same carbon atom; if there is a neighboring 
secondary carbon atom, substitution takes place on it, otherwise on the 
neighboring primary carbon. If there is a tertiary carbon atom, sub¬ 
stitution will take place there rather than on the secondary carbon atom. 
The general reactions may be indicated: 

(a) R— CHjt-CHj —R' + X, —> R-CHX-CHj-R' 

R—CHX—CH*—R' + X 2 —> R-CHX—CHX-R' 

(h) R-CH*-CH 3 + X 2 —> R-CHX-CH* 

R—CHX—CHj + X* —► R-CHX—CHaX 

( C ) R-CH-R" + X 2 —► R—CX—R" 

I I 

R' R # 

The lower paraffins are extremely stable toward reagents such as 
fuming sulfuric acid; however, the higher members will react according 
to the equation 

R_CHr—R' + HO-SOr-OH —► RR'CHS0 3 H + HOH 

Nitration of hydrocarbons in the vapor phase leads to the formation of 
the corresponding nitro derivatives, called nitro paraffins. Compounds 
of this type have become available, and it is to be expected that they 
may have considerable interest in medicinal chemistry, especially as 
intermediates in the synthesis of therapeutically active compounds. 1 

Controlled oxidation of the paraffins, especially of the longer-chain 
compounds, leads to the formation of the corresponding fatty acids, e.g.: 

R-CH 3 —> R-COOH 

Such acids obtained from petroleum sources are finding use, in the form 
of their alkali salts, as detergents or soaps, especially in those countries 
where fats are scarce. 

1 Hass and Riley, Chem. Revs., 32, 406 (1943). 
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Any reaction more drastic than substitution produces a disruption or 
break in the carbon chain with the formation of compounds with a lower 
number of carbon atoms. 


Physiological Activity 

The saturated hydrocarbon compounds are not used extensively as 
medicinal agents. The lower members of the alkane series which are 
volatile and relatively soluble in water give rise to the characteristic 
narcotic effects of hydrocarbon groups on inhalation, and larger amounts 
cause asphyxiation. Simple aliphatic compounds cause a reversible 
depression of living tissues; their action depends on their general physi¬ 
cal properties which cause them to concentrate on surfaces and in lipids. 
Methane is weakly anesthetic, the effective dose being but little less 
than the toxic dose. The activity increases with increase in molecular 
weight; the toxicity also increases but probably less rapidly. The 
maximum activity is reported for heptane, octane being less active. It 
has been reported that the branched-chain compounds are more narcotic 
than their straight-chain isomers; later work has not supported these 
conclusions. 1 The liquid members of this group are irritants to the 
nerve endings in the skin and mucous membranes, increasing in activity 
up to heptane and then declining in activity. 

The following quantities of hydrocarbons were found to produce the 

same toxic effects on mice :* 

0.377 gram pentane 
0.147 gram hexane 
0.064 gram heptane 
0.037 gram octane 

Octane has about the same toxic effect as benzene. 

The nonvolatile, water-insoluble alkanes are not active physiologically 
since they are not absorbed. It thus appears that the physiological 
activity of the saturated hydrocarbons is dependent chiefly upon their 
physical properties. 

Bacteria isolated from oil-bearing soil, from abscesses, and from 
mastitis are reported capable of metabolizing all the higher fractions of 
petroleum hydrocarbons, even paraffin wax; the organisms show no 
diminution of growth after 15 transfers under kerosene. Respiration 
studies indicate that long-chain organic acids and unsaturated hydro¬ 
carbons are formed by such bacterial decomposition.* 

1 Stoughton and Lamson, J. Pharmacol., 58, 74 (1936); C.A., 31, 465 (1937). 

* Liesegang, Argew. Chem., 45, 329 (1932); C.A., 26, 3898 (1932). 

« Bushnell and Haas, J. Bad., 41, 653 (1941). 
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Products 

Rhigolene, b.p. about 18°, is a mixture obtained in the r ^ement of 
petroleum consisting mostly of butane and pentane. It h “ b « en uSe “ 
L an external, local anesthetic since the rapid evaporation causes freez 
ing of the tissues and local insensitiveness to pain. It has been replaced 

lareelv bv low-boiling halogenated hydrocarbons. 

Petroleum Benzin, U.S.P. (Petroleum Ether, Purified Petroleum 
Ron , in \ h n S5-80° is a mixture of hydrocarbons, chiefly pentanes, 
hexanes’ and heptanes, obtained as one of the fractions from the refining 
of petroleum. It is not used as a medicinal agent, but it is extensively 
employed as a solvent in the extraction of fats and fatty oils, etc in 
defatting drugs, e.g., ergot and digitalis, and as an immiscible solvent 
for the isolation of constituents from drugs and the products of syntheses. 
The commercial benzin employed in dry cleaning is not generally suitable 
for chemical and pharmaceutical use. 

Kerosene (Deodorized Kerosene) has been used in the manufacture of 
various pharmaceutical and cosmetic products for many years. The 
use of ordinary kerosene was greatly limited by its strong characteristic 
odor which could not be concealed easily and by the presence of unsat¬ 
urated hydrocarbons and other impurities which caused a burning sensa¬ 
tion and often gave rise to acute dermatitis. There is now available 
highly refined kerosene, freed from impurities and possessing practically 
no odor, b.p. about 175-260°. Deodorized kerosene can be readily per¬ 
fumed. The purity and volatility of deodorized kerosene make it an 
excellent solvent for nonvolatile mineral oil in hair oils and brilliantines. 
Its low surface tension and low absolute viscosity make it a good solvent 
for liniments, antiseptics, hair tonics, and other pharmaceutical and 
cosmetic products for external use. Ordinary kerosene is extensively 
used as the solvent for pyrethrum flowers and derris root in the manu¬ 


facture of insecticides and insect repellents. 

Liquid Petrolatum, U.S.P. (Mineral Oil, White Mineral Oil, Liquid 
Paraffin, Paraffin Oil), is a mixture of hydrocarbons obtained as a prod¬ 
uct in the refinement of petroleum. It is sold under various trade names, 
e.g., Albolene, Nujol, and Stanolax. Two grades of liquid petrolatum 
are commonly used as laxatives: one known as light liquid petrolatum , 
and the other known as heavy liquid petrolatum; they must have a kine¬ 
matic viscosity of not less than 38.1 centistokes at 37.8°. The kinema¬ 
tic viscosity is a partial measure of the lubricating value of the oils in 
the intestine. The higher-viscosity oils cause less leakage when they 
are used as laxatives. The liquid petrolatums used medicinally consist 
chiefly of aliphatic hydrocarbons containing from 10 to 16 carbon atoms. 
Certain oils, notably those obtained from California and Russian 
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petroleum, contain cyclic polymethylene hydrocarbons having the sat¬ 
uration formula C n H 2 „. Mineral oils intended for medicinal use must 
be highly purified to remove odoriferous sulfur compounds, acids, 
alkalies, and higher paraffins which solidify on chilling to 0°. 

Liquid petrolatum administered internally is not absorbed except for 
doubtful traces and cannot act as a nutrient. Excreted unchanged, it 
serves to soften the feces and lubricate the intestinal tract, acting as a 
mild laxative. The oil is partially emulsified in the digestive tract, 
forming an emulsion with a capacity for holding water and making it 
resistant to absorption by the bowel. Since the emulsion seems to be 
of the oil-in-water type, the effect of petroleum oils can be due in part to 
lubrication and in part to softening of the feces. 1 * 2 The use of mineral 
oil as a laxative is to be discouraged; it interferes with the absorption 
of the oil-soluble vitamins; in the habitual user it may interfere with 
absorption from the small intestine; and it reacts unfavorably on the 
defecation reflex. 3 

The oil from the livers Qf rats which received liquid paraffin in their diets had a 
much lower iodine value than the liver from controls; and from the livers of pigs fed 
petrolatum could be isolated some of the hydrocarbons. 4 

Numerous products containing mineral oil with other laxatives are 
used medicinally, e.g., liquid petrolatum and agar, liquid petrolatum 
with agar and cascara, liquid petrolatum with agar and milk of magnesia, 
and liquid petrolatum with agar and phenolphthalein. These are 
usually emulsions, flavored and sweetened or unsweetened. 

Liquid petrolatum is used also as a solvent vehicle in oil sprays con¬ 
taining compounds such as thymol, camphor, menthol, and eucalyptol; 
for materials used in dermatology, e.g., iodine, iodoform, thymol iodide; 
for mercurials; and in many cosmetic preparations such as baby oils, 
cold creams, cleansing creams, liquid brilliantines, sun-tan oils, brush¬ 
less shaving creams, and hair tonics. 

Petrolatum, U.S.P. (Amber Petrolatum, Petroleum Jelly), m.p. 38-60°, 
is a purified, semisolid, translucent mixture constituted almost exclu¬ 
sively of saturated hydrocarbons distilling above 300° obtained chiefly 
from paraffin-base (Pennsylvania) crudes. It is produced from petro¬ 
leum fractions by successive treatment with sulfuric acid and sodium 
hydroxide to remove unsaturated and odoriferous compounds, by 
passing air or hot steam through the hot liquid to remove volatile hy¬ 
drocarbons, and by decolorization while still hot with charcoal, fuller’s 
1 Schlagintweit, Pharm. J., 119, 461 (1927); C.A., 22, 640 (1928). 

* Cofman-Nicoresti, Pharm. J., 119, 513 (1927); C.A., 22, 676 (1928). 

* Morgan, J. Am. Med. Assoc., 117, 1335 (1941). 

4 Channon and Collinson, Biochem. J., 23, 676-688 (1929); C.A., 24, 408 (1930). 
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earth or other agents. The better grades are said to be made without 
the use of drastic reagents. A product of this type first was Prepared 
hv Chesebrough in 1871 and sold under the trade name Vaseline 
Petroleum Jelly. Petrolatum is insoluble in water, almost insoluble in 
alcohol, and readily soluble in most organic solvents such as benzene, car¬ 
bon disulfide, chloroform, ether, and petroleum benzin. Artificial petrola- 
turns have been prepared by dissolving paraffin wax in liquid petrolatum. 

Petrolatum is extensively used as an ointment base for such substances 
as boric acid and zinc oxide. It is also used in cosmetics, hair dressings, 


etc 

White Petrolatum, U.S.P. (White Petroleum Jelly), is similar to 
Petrolatum in composition and properties. It is simply a product 
from which the color has been adsorbed more completely. 1 

Paraffin, N.F. (Petroleum Wax), m.p. 47-65°, is a mixture of solid 
hydrocarbons obtained from petroleum purified by methods similar to 
those described under Petrolatum. It is used to raise the melting point 
of ointments, to impregnate bandages, and as a protective in burns. 

Prosthesis is carried out by using paraffin which has a melting point of about 40°, 
slightly above body temperature. It is melted and injected subcutaneously to 
correct deformities, e.g., as in face-lifting. Since these compounds are very slowly 
absorbed, they will remain over long periods of time. The results are not perma¬ 
nent, and there is danger of embolism; the paraffin is gradually replaced by scar 
tissue. 


2. UNSATURATED HYDROCARBONS 
A. Olefins, Alkylenes, or Alkenes 

Olefins or alkenes, CnH 2n contain two less hydrogen atoms than the 
corresponding paraffins or alkanes. They are characterized by unsatura¬ 
tion, which makes possible the addition of univalent groups to adjacent 
carbon atoms. Although practically all the chemical properties of an 
olefin may be explained and accounted for on the basis of the simple and 
customary double bond, the actual molecular and electronic structure 
is not so simple. 


Occurrence and Preparation 


Olefinic hydrocarbons are found in many mineral oils, but, because of 
their great reactivity, they are present in very small amounts. Some 
Canadian oils, however, are reported to be quite rich in unsaturated 


hydrocarbons. 


1 For a discussion, “ White Mineral Oil and Petrolatum in Pharmaceutical and 
Cosmetic Practice,” see Meyer, J. Am. Pharm. Assoc., 24, 319 (1935). 
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TABLE 3 


Unsaturated Hydrocarbons 


Formula 

Name 

Melting 

Point 

°C. 

Boiling 

Point 

°c. 

Specific 

Gravity 

CHj=CHa 

Ethylene, ethcne 

-169.4 

-103.9 

0.5667 ,w 

CH,CH=CH, 

Propylene, propene 

-185.2 

-47 

0.610; 47 

CH,CH,CH=CH, 

1-Butcnc 


-5 


CHjCH=CHCHj 

2-Butene ci® 


1 

0 635 


Irons 


2.5 

— 

CH*=CHCH=CH, 

Butadiene 


-3 


CHt=C—CH=CH, 

1 

CH, 

Isoprene, 2-mcthyl- 
butadiene 

-120 

34 

O. 68 O 6 J 0 

CH—CH 

Acetylene, ethyne 

-81.8 

-88.5 

0.62087* 4 

CH,—CH, 

\ / 

CH, 

Cyclopropane 

-126.6 

-34.4 

0 720r 7 * 


The methods for the preparation of olefins may be summarized: 

1. By pyrolysis. 

(а) Destructive distillation of almost any organic compound, such as coal, 
wood, lignite, fats, etc. 

(б) The “ cracking ” of petroleum oils. By this method, the gasoline frac¬ 
tion of motor fuel is greatly augmented, and at the same time large 
amounts of the volatile unsaturated hydrocarbons are formed. 

2. By abstraction of the elements of water from alcohols. 

(а) By strong dehydrating agents, like sulfuric or phosphoric acids, e.g., 

CH 3 —CH 2 OH + HO—SO*—OH —► HOH + CHj—CH 2 0S0 3 H 

CH 3 —CH 2 —0S0 3 H CH 2 =CH 2 + H 2 S0 4 

Tertiary alcohols may be readily dehydrated in this manner. 

(б) By catalytic methods, such as passing the hot vapors of an alcohol over 
an appropriate catalyst, e.g., A1 2 0 3 at 360°. 

3. By removing the elements of a hydrogen halide from a halogenated hydrocar¬ 
bon by means of potassium hydroxide, preferably, in alcoholic solution. 

R—CH 2 —CH 2 X ^ R-CH=CH 2 + HX 

4. By the distillation of quaternary ammonium bases, e.g., 

[R—CHr-CHr-N(CH 3 ) 3 10H —► R—CH=CH 2 + HOH + N(CH 3 ) 3 

This method is employed to good advantage in determination of structure of 
amines; frequently an amine may be converted into a quaternary base by a 














11 


UNSATURATED HYDROCARBONS 


nrocess known as exhaustive methylation (see page 314); identification of 
the unsaturated compound formed by distillation of the base serves to throw 
light on the structure of the amine. 


Properties 

Except in ethylene (which boils about 10° lower than ethane) the 
double bond when introduced into a saturated hydrocarbon has little 
effect on the boiling point. The melting point, on the other hand is 
appreciably depressed. In the straight-chain compounds the double 
bond increases the density of the compound by an average of about 
0.015; for branched-chain compounds the effect is much less regular. 
For the 1-olefins the refractive index is increased by about 0.011 over the 

corresponding saturated compounds. 

The chemical properties of the olefins stand in striking contrast to 
those of the paraffins. Their properties may be summarized: 


1. Addition reactions: 

(а) With hydrogen to form the corresponding saturated compounds; such 
hydrogenations may be effectively catalyzed with platinum, nickel, or 
other catalysts. 

RCH=CHR' + H* —► RCHa—CH*R' 

(б) With halogen, e.g., with chlorine, bromine, iodine, etc. 

R—CH=CH—R' + X 2 —> R—CHX—CHX—R' 

This characteristic addition of halogen across a double bond is employed 
in the quantitative determination or estimation of unsaturation, e.g., in 
obtaining the iodine number of fats. 

(c) With acids: 

R—CH=CH—R' + HX —► R—CH 2 —CHX—R' 

X represents halogen, sulfuric acid radical, etc. 

This type of addition finds wide application. For example, if iso¬ 
butylene is passed into sulfuric acid, mono tertiary butyl sulfate is formed, 

(CH 3 ) 2 C=CH 2 + ho-so 3 h —> 

(CH 3 ) 3 C—O—SO 3 H (CH 3 ) 3 COH + H 2 S0 4 

which on hydrolysis yields tertiary butyl alcohol. 

(< d) With compounds of type HOX, where X is bromine or chlorine, to form 
bromohydrins or chlorohydrins. 

R—CH=CH—R' + HOX —R—CHOH—CHX—R' 


(e) With ozone to form ozonides, which with water are decomposed into two 
fragments, thus: 
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R—CH-CH-R' + H 2 0 —► R-CHO + R'-CHO + H 2 0 2 

I I 

0 - 0-0 

This ozonization reaction, discovered by Harries, has proved of value in 
locating the position of a double bond in many compounds. Thus, in 
the general formula above, the double bond may be properly placed by 
identifying the ozonolysis products. In this instance, the two aldehydes 
account for all the carbon atoms in the original molecule. 

(/) The addition of nitrosyl chloride; if one of the carbon atoms involved in 
the unsaturated bond is tertiary, the chlorine will add to it: 

R2=C=CH—R' + NO—Cl —> R2=CC1—CH—R' 

I 

NO 

Such nitrosyl chloride adducts have proved valuable in solving the struc¬ 
ture of many terpenoid hydrocarbons. 

2. Polymerization reactions. These are quite extensive; they will be referred 
to from time to time. Although they are of great importance, for example in 
the synthesis of rubberlike compounds, they are not altogether understood. 

3. Ease of oxidation, e.g., with dilute permanganate to form glycols: 

HOH 

R—CH=CH—R' K -^ t R-CHOH-CHOH-R' 

Physiological Activity 

It has been shown, in each case studied, that the unsaturated hydro¬ 
carbon is more active physiologically, i.e., as an hypnotic, than its 
saturated analog. Thus, trimethylethylene is more active than iso¬ 
pentane. The narcotic and toxic activities of the olefins increase with 
the molecular weight. They also increase in direct ratio to their solu¬ 
bility in oil and in inverse ratio to their solubility in water. Olefins 
with more than three carbon atoms in the chain are reported to affect 
circulation partly by stimulation of the vagus, and those with more than 
four carbon atoms cause increased reflex excitability. Experimentation 
has not revealed the fate of the simple olefins when absorbed into the 
animal system. There is reason to believe that they are metabolized 
in the same way as those unsaturated compounds which add on the ele¬ 
ments of water at the double bond. 

CH 3 ch 3 

^C=CH—CH 3 ^)CH—CH 2 —CH 3 

ch 3 ch 3 

Trimethylethylene Isopentane 


ch 3 oh 


x 


CH 3 CH 2 —ch 3 

Dimethvlethylcarbinol 
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Products 

Ethylene, U.S.P., N.N.R. (Ethene), CH,=CH„ is a light colorless gas 
b.p. -103°, m.p. -169°, of faint odor and slightly sweet taste- The 
first reference to it was by Becher, a German alchemist, in 1669. lh ° 
commercial product is obtained by the abstraction of water from ethanol 
or from the cracking of petroleum hydrocarbons. Since numerous by- 
oroducts of the reactions such as carbon monoxide, carbon dioxide, 
sulfur dioxide, phosphine, and hydrogen sulfide which are toxic are 
formed in various methods of production, the gas must be punned. 
This is accomplished by liquefying the cooled gas under 44 to 50 atmos¬ 
pheres pressure and fractionally distilling the liquid. The gas is further 
purified by conducting it through a series of concentrated wash liquids 
containing lead acetate, sulfuric acid, and sodium hydroxide, and dried 
by passing it over molten calcium chloride or other dehydrating agents. 
It is then compressed into metal cylinders. For use in anesthesia the 
gas is passed into an inhalation apparatus and administered alone or 
admixed with oxygen. One volume of ethylene is soluble in about 4 
volumes of water at 0° and 7 volumes of water at 20°. It is also soluble 
in many organic solvents such as alcohol and ether. In the gaseous 
state and when mixed with air in proper proportions (3-34 per cent 
ethylene), it is explosive if brought in contact with an open flame or an 
electric spark. 

It is of interest medicinally, viz., as an anesthetic, as a ripening and 
coloring agent in the fruit and vegetable industry, and as a raw material 
in the chemical industry. 


Favorable anesthetic action was observed as early as 1876, but the actual intro¬ 
duction of ethylene into medicine came about in a curious manner. In 1908 Crocker 
and Knight observed that ethylene was toxic to carnations and other plants, putting 
them " to sleep.” Naturally the question of the toxicity of ethylene toward ani¬ 
mals arose and prompted Luckhardt and Carter (1923) as a matter of academic 
curiosity to investigate its effect on dogs; they were surprised at the deep anes¬ 
thesia produced and the relatively low toxicity exhibited by the compound. The 
investigation carried to its logical conclusion resulted in the use of ethylene as a 
general anesthetic. 

The ancient Chinese are known to have softened fruits from their orchards by 
placing them in a room in which incense had been burned. In modern times fruit 
growers used and still use oil stoves to get the same effects. The responsible agent 
was identified (1923) as ethylene. Ethylene aids the natural coloring processes of 
the fruit and hastens the hydrolysis of starch to sugars. The grower may pick the 
fruit while it is still green and firm, ship it long distances, and then ripen the fruit 
in transit or on arrival by means of ethylene. It has been estimated that an entire 
carload of bananas may be colored for 40 cents. 

Adjacent to the oil refineries are being placed more and more plants for the use 
of ethylene as a raw material. The ethylene is obtained as a by-product in petro- 
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leum cracking. One of the chief products is ethanol, prepared by passing the un¬ 
saturated gas into sulfuric acid and hydrolyzing the resulting ethyl acid sulfate: 

H*SO« HOH 

CH*=CHt —► CHjCHj—O—SO»H —> EtOH + H«S 0 4 

Propylene (Propene), CH 3 —CH=CH 2 , a homolog of ethylene, is a 
colorless, inflammable gas, b.p. —5°. In its chemical and also its physio¬ 
logical properties it is remarkably like ethylene. As a general anesthetic, 
it may prove superior to ethylene. It is reported to induce unconscious¬ 
ness in 2 min., that the patient recovers consciousness promptly, and 
that neither mental excitement nor nausea follows its use. It is usually 
employed in 37 to 40 per cent concentration admixed with air and 
oxygen. Explosive mixtures with air are formed by 1.7 to 9 per cent 
by volume of ethylene. 

The anesthetic potency of propylene is reported to be 2.2 times that of ethylene, 
which is a greater increase than its acute toxicity; hence, its therapeutic index is 
greater. In the fruit and vegetable industry propylene gives favorable ripening 
results just as does ethylene; however, it is more costly. 

Propylene is also used in the manufacture of isopropyl alcohol: 

CH,—CH=CH 2 + H£0« —► CHj—CHOSOjH—CH 3 

CH 3 —CHOSO 3 H—CH 3 + HOH —► CHr-CHOH—CH 3 + KjS0 4 + H 2 0 

Butenes, of which there are three isomers, 1-butene, 2-butene, and 
2 -methylpropene, show all the properties of an unsaturated com¬ 
pound. Physiologically, all are more potent as anesthetics than either 
ethylene or propylene, but before producing complete anesthesia they 
first produce a state of excitement. The butenes also cause ripening in 
fruits. 

B. Diolefins or Dienes 

Compounds with two unsaturated bonds may be grouped into three 
general classes: 

1 . The allene type. These compounds contain the cumulated double bond 
system and have the general structure R—CH=C=CH—R'. Compounds 
having such structure are of theoretical interest, but they are rare. The allene 
type of unsaturation is found in the side chain of the Pyrethrins (page 256). 

2. Conjugated double bonds. Conjugate double bonds act often as a unit. 
For example, addition of a molecule, such as HX, X 2 , etc., takes place: 

R—CH=CH—CH=CH—R' + X 2 —> R—CHX—CH=CH—CHX—R' 

Since the conjugated system of double bonds is treated as a unit, it is the custom 
in speaking of this system to number it independently 

c=c—c=c 

12 3 4 
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and the addition as indicated above is called 1,4-addition, with the shift of the 
double bond to the 2,3-position. 

3. Isolated double bonds. In these compounds, the double bonds are sepa¬ 
rated from each other by more than one single bond. Such compounds possess 
the properties conferred by a summation of the individual effects. 

Physiological Activity 

The presence of a second double bond as in isoprene increases the 
anesthetic activity. Compared to the simple saturated and ethylene- 
type hydrocarbons, it is highly toxic, a dose of 80 mg. per 10 g. rat weight 
proving fatal after several hours. 

Products 

Butadiene, CH 2 =CH—CH=CH 2 , b.p. 1°, is the simplest hydro¬ 
carbon with a conjugated system. This compound assumed great 
importance in the synthesis of rubberlike substances on a commercial 
scale. Because of its conjugate structure, it polymerizes readily not 
only with itself but with other reactive, usually unsaturated, compounds. 
It is this reactivity which makes it possible to obtain from it the syn¬ 
thetic rubbers. 

In the laboratory, butadiene may be synthesized by the action of zinc 
on 1,2,3,4-tetrabromobutane. Commercially, it may be prepared by 
cracking various hydrocarbons, 12 from esters of butylene glycol, from 
1,3-butanediol, from vinylacetylene, etc. 

Isoprene (2-Methyl-l,3-butadiene, Hemiterpene), CH 2 =C(CH 3 )— 
CH=CH 2 , is an important diene or diolefin, not because of its availa¬ 
bility, for in fact it is not readily available and its synthesis is difficult, 
but because of its apparent use in nature to build many of the natural 
products. This evidently involves a controlled polymerization, and 
often a simultaneous natural oxidation, reduction, or other chemical 
change. In dimerization, with a head-to-tail union, isoprene will give rise 
to the skeleton which characterizes the open-chain terpene compounds, 

CH 2 = C CH=CH 2 + CH2=C—ch=ch 2 —> 

I I 

CHa CHa 

CH 2 =C—CH2—CH 2 

I I 

CH3 CH=C— CH=CHa 

I 

CH, 

Ocimene 

1 Frolich, Simard, and White, Ind. Eng. Chem., 22, 240 (1930). 

* Hershberg and Ruhoff, Org. Syntheses, 17, 25 (1937). 
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Trimerization gives rise to the skeleton found in the open-chain ses¬ 
quiterpenes of the famesol type. 

Cyclic polymerization, a condensation analogous to the Diels-Alder 
reaction, 



Iso prone Dipentene 


would give rise to a monocyclic terpene; if three molecules of isoprene 
are involved a mono- or dicyclic sesquiterpene would be formed. It 
becomes quite obvious that as the number of isoprene units increases 
in a given polymerization reaction the complexity of the products 
increases. Perhaps the ultimate in natural complexity is reached in 
natural rubber. Thus it may be seen that the isoprene unit is one of 
nature’s building materials. Realization of this fact has helped con¬ 
siderably in solving the structure of many natural products. 

Although it is customary to speak of the isoprene unit or linkage, it does not follow 
that isoprene itself is necessarily the intermediate employed by nature. There arc 
other products with the same carbon skeleton, e.g., isovaleric acid, isovaleraldehyde, 
senecialdehyde, etc., which as reasonably and satisfactorily may be employed in 
explaining the synthesis of natural products such as terpenes, phytol, and carotenes. 
Senecialdehyde may have its natural origin from acetone and acetaldehyde: 

(CHj)jC=0 + CHjCHO —(CHi)jC=CH—CHO + H*0 

Isoprene may be prepared by the destructive distillation of natural 
rubber or by the exhaustive methylation of 0-methylpyrrolidine. 

2,3-Dimethyl-l ,3-butadiene polymerizes in a manner similar to that of isoprene 
and during the World War of 1914-1918 was used by the blockaded Central Powers 
for the synthesis of rubber substitutes. It was prepared from acetone, through 
pinacol. The whole reaction may be indicated 

2(CHj)iCO—> (CH,),=COH—COH=(CH ,),—> 

CHj=C(CHj)—C(CH j)=CHi —> Polymer 

Open-chain Terpenes 

A terpene is a compound with a molecular formula containing mul¬ 
tiples of Cs- A more restricted definition reserves the term terpene for 
compounds which have the molecular formula CioHie, or for (CsHg^. 
In line with this, compounds with the formula CsHs are called hemi- 
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terpenes; compounds with the formula (CiHs)i are called sesqui¬ 
terpenes; compounds with the formula (CjHs) 4 or (CioHie )2 are called 
diterpenes, etc. 

There are four possible structures for the formula CtHg, 

CH2—CH2 

\0Hj CH»—CH=CH—CH=CH, 

/ 1.3-Pentadicne 

CH =CH 

Cydopentene 

CH*=CH—CH,—CH=CHj CH»=C(CH 3 )—CH=CH, 

1.4-Pentadiene Isoprene 

but of these only one can truly be considered as hemiterpene, for only 
isoprene contains the characteristic branched isopentane or isoprene 
carbon skeleton. 


Products 

Myrcene and ocimene are representatives of the open-chain CioHie 
terpenes occurring naturally. Myrcene is an oil, b.p. 166-168°/760, 
found in bay oil, verbena, hops, and other plant products. Its structure 
is indicated by its chemical behavior. Hydrogenation forms a hexa- 
hydro derivative, CioH«; it adds six atoms of halogen; hence, the 
molecule is open chain and contains three double bonds. Identifi¬ 
cation of the ozonolysis products locates the double bonds. Formation 
of a maleic anhydride adduct shows the presence of conjugated bonds. 
Ozonolysis may be indicated: 

CH 3 


\ 


/ 

CH 3 


CHa 

cH * V 


C=CH—CH*—CH 2 —C—CH=CH 2 


o. 


ch 2 


Myrcene 


CH—CH 2 —CH 2 —G 


c- 

-CH-CH, 

\ 

\ / 

o 3 

0, 

/ 


CH, 



HOH 


CH, 

^>CO + 0=CH—CH ; 
CH 3 

Acetone 


CHO 

I 

■CHy—C=0 + 2 H 2 CO 


i 


Further 

oxidation 


Formaldehyde 


HO—CO—CH 2 —CH 2 —COOH 

Succinic acid 
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The identification of the various products obtained gives a clue to the 
location of the double bonds. The formation of the maleic anhydride 
adduct is indicated: 


CH, 


(CH,),C=CH—CH,CH,—C 


CH 


/CO 

CH \ 
+ ii 0 
CH / 

\co 


Myroene 


CH, 


CH, 

/ \ 

Me,C=CHCH,CH,—C CH—CO 

II I >0 

HC CH-CO 

\ / 

CH, 

Monoeubetituted derivative of 
tetrahydrophthalie anhydride 

Ocimene, obtained from the leaves of the Ocimum basilicum , is an 
isomer of myrcene, and its structure is indicated by the following ob¬ 
servations: (1) Molecular formula Ci 0 H, 6 . (2) The molecule contains 

three double bonds as shown by its behavior on hydrogenation and by 
addition reactions. (3) The position of the unsaturated bonds is 
indicated by the ozonolysis products. The maleic anhydride adduct 
forms a disubstituted tetrahydrophthalic anhydride derivative. 


CH,=*C-CH,CH, 

I I 

CH, CH 

CH,—C 

HC=CH, 

Ocimene 


CH-CO 

> 

DH-CO 


Maleic 

anhydride 


CH,=C-CH,CH, 

I I 

CH, CH 

/ \ 

CH,—C CH—CO 

II I >0 

HC CH—CO 

\ / 

CH, 

A dbubsti tuted tetrahy- 
drophtbalic anhydride 
derivative 


Famesene is an example of the (CsH,), or sesquiterpene open-chain 
compounds; it is obtained by the dehydration of naturally occurring 
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famesol or nerolidol. Its accepted structure, which may be satisfac¬ 
torily accounted for by methods already mentioned, is: 

CHs—C=CH—CH2CH2—C=CH—CHz—CH=C CH=CHa 

1 1 I 

CHs CHs CHs 

FarneMoe 

No representative of the open-chain diterpenes, C20H32, is known. 

Phytol is a representative of the C20 chain, however, with four isoprene 
units. It is an alcohol which is obtained by the hydrolysis of chloro¬ 
phyll. Its structure is: 

i i ! 

CH*-CH-CH l CH 1 f€H s CH-CH,CH,-f-CH,CH-CH^H,fCH 1 C=CHCH > OH 

| I ! I | I 

CH, j CH, j CHs I CH, 

Phytol 

Phytol and vitamin A 2 are also of interest because they represent the 
largest known molecules of head-to-tail union of isoprene units or nuclei. 
Hydrocarbons or their derivatives containing more than 20 carbons or 
4 isoprene units are known, and they are found in nature. But in none 
of them are more than 4 of the units joined in head-to-tail linkage. In 
the C30 compound it is found that 2 sesquiterpene units have joined in 
tail-to-tail union, and in the C40 compounds 2 C20 chains have joined in 
a similar manner. 

Squalene (Spinacene), CsoHso, is an example of an open-chain triter- 
pene. Squalene is found abundantly in shark’s-liver oil and is found to 
a small extent in fresh olive oil and in yeast . 1,1 Squalene may be hydro¬ 
genated to the C30H62 compound, thus placing it in the open-chain series. 
Attempts to prove it to possess 6 isoprene units in head-to-tail linkage 
were in vain. The clue to its structure was obtained when it was ob¬ 
served that perhydrosqualene (completely hydrogenated squalene) was 
identical with the product obtained by a Wurtz condensation of 
two molecules of hexahydrofarnesyl bromide. This reaction is indi¬ 
cated : 

CH 3 ^HMe-CH 2 CH 2 —CH2-CHMe-CH 2 CH 2 -CH 2 —CHMe-CH 2 CH20H-> 

Na 

C15H31—Br > C15H31—Ci 5 H 3 i 

1 Taufel, Thaler, and Widman, Biochem. Z., 300, 354 (1939); C.A., 33, 5012 (1939). 

* Grossfeld and Timm, Z. Untersuch. Lebensm. 77, 249 (1939); C.A., 33, 4446 
(1939). . 
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With this information available to them, Karrer and Helfenstein 1 were 
able to synthesize squalene from famesyl bromide by means of the 
Wurtz condensation. This synthesis is summarized: 

2CHj—CMe=CH—CHj—CH a —CMe=CHCHj—CH*—CMe=CH—CH*Br + 

2Na—>CHj—CMc=CH—CH*—CHj—CMe=CH—CHj—CHj—CMe=CH—CHj 

I 

CHj—CMc=CH—CH*—CH*—CMe=CH—CH*—CH,—CMe=CH—CH* 

Z.O.lO.lS.lO.Za-Hcxamethyl^.e.lO.U.lS.Z^tetrftCosahexaenc 

Lycopene, C4oH 66 , the red coloring matter from the tomato, is an 
example of the tetraterpene open-chain compounds. On hydrogenation 
it takes up 13 Hi, indicating the presence of 13 double bonds, and places 
lycopene in the open-chain classification. From various considerations 
Karrer proposed that its skeleton consists of 2 C 20 units, of 4 isoprene 
nuclei each, joined in tail-to-tail linkage. The correctness of this 
supposition is shown by the fact that perhydrolycopene, C«oH 8 2 , is 
identical with the compound obtained by joining 2 molecules of dihydro- 
phytyl bromide; this establishes the nature of the carbon skeleton of 
40 atoms. By virtue of other properties, it may be established that, 
of the 13 double bonds, 11 are in conjugation. Thus the structure 
of lycopene is as indicated on page 29. 

C. Alkines or Alkynes 

Acetylenes, alkines, or alkynes have the general formula C„H 2 *_ 2 . 
Their most important characteristic is the triple bond, —C=C—. The 
number of compounds with the triple bond, or acetylenic linkage, is not 
large. 

In physical properties, the alkynes resemble the corresponding ali¬ 
phatic hydrocarbons or the corresponding olefins. The chemical prop¬ 
erties which characterize the triple bond are, in general, analogous to 
those of the double bond. They show all the properties of unsaturation. 
Instead of adding two atoms, however, the acetylenic bond adds four 
atoms: 

—C^C- + 4X—> —CX 2 —CX 2 — 

Acetylene also undergoes polymerization reactions, a property which is 
employed to advantage in the commercial preparation of products like 
Neoprene, a highly chlorinated rubber substitute. 

Acetylene is the simplest and most important member of this series. 
It may be prepared in sufficient quantities to be useful as a raw material 
in certain chemical industries. The first step is the preparation of cal- 

1 Karrer and Helfenstein, Helv. Chim. Ada., 14, 78 (1931). 
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ciutn carbide from lime and carbonaceous material, e.g., coal, in an 
electric furnace at 2500-3000°. The carbide with water liberates acety¬ 
lene according to the equation 

CaC 2 + 2HOH —> C 2 H 2 + Ca(OH) 2 

Acetylene and higher homologs may be prepared by appropriate 
methods, e.g., 

R—CHX—CH 2 X + 2KOH (alcoholic) —► R—C=CH + 2KX + 2H 2 0 

A 

Acetylene was first prepared by E. Davy in 1839 and in a pure state by 
Berthelot in 1849. It is a colorless, flammable gas with a garliclike 
odor. While acetylene can be compressed to a liquid at 0° under a pres¬ 
sure of about 50 atmospheres, it is dangerously explosive when com¬ 
pressed alone. Usually it is dissolved in acetone under pressure; 300 
volumes dissolve in 1 volume of acetone at 12 atmospheres pressure. 
Pine-oil flavor may be added to medicinal acetylene. The gas is usually 
admixed with oxygen for administration in about the ratio 40 per cent 
acetylene and 60 per cent oxygen. 

In general, the anesthetic or narcotic effect of a hydrocarbon is in¬ 
creased by the presence of a triple bond. Acetylene is more pronounced 
as an anesthetic than ethylene; however, the deleterious effects are also 
enhanced. 


CYCLIC HYDROCARBONS, C n H,„ 

The first member of this series is cyclopropane. It may be prepared 
from a trimethylene halide by an adaptation of the Wurtz reaction, 
using a metal such as sodium, zinc, or magnesium in the presence of 
sodium iodide, 


CH.X 

CH*—CHfcX 


CH 2 


Zn 


l> H - 


+ ZnX 2 


CH 2 


Cyclopropane, U.S.P., N.N.R., is a colorless gas of characteristic odor 
and pungent taste, b.p. -34° and m.p. -127°, soluble in water 1:27. 
at 0°. It was first proposed as a promising general anesthetic by Lucas 
and Henderson in 1929. Since that time, it has been used clinically with 
good results. It has a high oil: water partition coefficient of 65 at 35° 
compared to 13.2 for ethylene and 2-3 for acetylene, ether, and nitrous 
oxide. It is often used after morphine-scopolamine premedication as a 
preliminary anesthetic before using ether. Only about 18 per cent of 
the gas is required. It is administered in a closed system with carbon 
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dioxide and about 20 per cent oxygen. It is reported to be pleasant to 
take, to cause better muscular relaxation than nitrous oxide but not so 
much as ether, and to cause postanesthetic nausea more frequently than 
nitrous oxide. For convenient use, it is usually supplied in compressed 
form in metal cylinders. It is flammable and forms explosive mix¬ 
tures with air and oxygen. 

It is suggested that the properties of cyclopropane are better explained 
if its formula is written 1 

CH*=CHi 

i 

CH* 

Cyclobutane, b.p. 13°, may be prepared in poor yields by treating 
1,4-dibromobutane with sodium or zinc, or by the careful hydrogenation 
of cyclobutene. Because of its rarity it has only recently been examined 
pharmacologically; its properties as a general inhalation anesthetic are 
promising. 

Among the natural derivatives of cyclobutane are the truxillic acids, 
diphenylcyclobutanedicarboxylic acids, obtained by the hydrolysis of 
the truxillines, alkaloids accompanying cocaine in the coca leaves. 
See page 590. 

Cyclopentane and cyclohexane, and their derivatives, are found exten¬ 
sively in Russian petroleum and, to a limited extent, in American petro¬ 
leum. These mineral oils are suitable for only limited amounts of the 
pure cyclic hydrocarbons because of the impracticability of isolation. 

The six-membered cycles are important since many of the natural 
hydrocarbons from botanical sources and their derivatives belong to 
this series. This is particularly true for many compounds which are 
derived from the l-methyl-4-isopropylcyclohexane skeleton; that is, 
they have 10 carbon atoms and, hence, belong to the terpene series. 



Isoprene (2 moles) y-Menthane. terpane 


* Walsh, Nature, 159, 165 (1947). 
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Not only that, but they may be considered as being structurally ob¬ 
tained from 2 isoprene units, hydrogenated. The completely satu¬ 
rated hydrocarbon may be considered the parent of a large group. Note 
the method of numbering the carbon atoms in this compound. p-Men- 
thane itself does not occur naturally but may be obtained readily by the 
complete hydrogenation of any of its many naturally occurring un¬ 
saturated derivatives. 


Stability of the Cycle 

It is possible from the molecular structure of the various cycles to 
explain stability differences between the various types. On the basis of 
the tetrahedral structure of the carbon atom it may be calculated that 
the four valences, which radiate from the center of the atom, form equal 
angles with each other (these angles are not to be regarded as rigid or 
fixed, for they have flexibility) measuring 109° 28'. In the three-carbon 
cycle, which may be considered as an equilateral triangle with the carbon 
atoms at the three apices, the angles of the valences involved must be 
distorted from an optimum of 109° 28' to 60°; hence, cyclopropane is 
structurally under an appreciable strain and the cycle is subject to com¬ 
paratively easy rupture. This property tends to endow cyclopropane 
with some chemical reactivity analogous to that of ethylene. For 
example, bromine reacting with cyclopropane forms 1,3-dibromopropane. 
In the four-membered carbon cycle, the valence angles must be strained 
109° 28' — 90° or 19° 28' from normal. In cyclopentane, considering it 
as an equilateral pentagon, the deviation from normal is only 1° 28'. 
Hence, cyclobutane may be expected to be less reactive than cyclopro¬ 
pane but more reactive than cyclopentane, and it is. Cyclopentane, in 
which the strain or deviation from the normal is very slight, possesses 
chemical properties not unlike those of pentane. 

From what has been said, it will be recognized that all the atoms of 
the three-, four-, and five-membered cycles lie in the same plane; if this 
were not so, the strain of the valence angles would be even greater than 
that calculated geometrically. 

In the six-membered cycle, a regular hexagon, if all the carbon atoms 
were to remain in one plane, the angles would be strained outward, from 
109° 28' to 120°. But, actually, this strain is removed by the atoms 
adjusting themselves in such manner that two are thrown out of the 
plane and the valence angles in each are normal. It is probable that 
the chemical reactivity and anesthetic value of these cyclic compounds 
are closely related. 
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Physiological Activity 

In ring structures containing from 3 to 6 carbon atoms, the narcotic 
properties increase with increase in the number of atoms within the ring. 
When alkyl side chains are introduced into a ring system, the toxicity of 
the resulting compounds increases with the length of the side chain up to 
6 to 10 carbon atoms and then decreases with increase in molecular 
weight. The substitution of an ethyl for a methyl radical in cyclohexane 
causes a marked increase in toxicity. The introduction of a double bond 
into the cycle causes an increase in narcotic and toxic activities. The 
cycloparaffins like the chain hydrocarbons may cause skin and mucous- 
membrane irritation. Little is known about the physiological activity 
of most of the cyclic hydrocarbons. Cyclohexane has been shown to 
produce narcosis in rabbits in doses of 0.8 g. per kg. body weight when 
given intraperitoneally. 


CYCLIC HYDROCARBONS, C B H,„_, 


The unsaturated or ethylenic bond in cyclic compounds, except in aro¬ 
matic hydrocarbons, which will be taken up later, confers properties on 
the molecule identical with those in the open-chain carbon compounds. 
Hence, an unsaturated derivative of menthane or terpane possesses 
chemical properties quite like those of an olefin. 

p-Menthene does not occur naturally, but it may be readily synthe¬ 
sized from a menthanol by simple dehydration. Thus 3-menthanol, or 
natural menthol, will form A 3 -p-menthene. The position of the double 
bond is readily determined by the identification of the permanganate 
oxidation products; first is obtained a glycol, then a keto acid and finally 
0-methyladipic acid. All these reactions may be indicated as follows: 


CH, 

I 

CH 

/ \ 

H,C CH, 

I I 

H,C CHOH 

\ / 

CH 

I 

CH 

/ \ 

CHa CHs 

3-Menthanol 


CH, 

i 


CHa 

| 

1 

CH 


CH 

/ \ 


/ \ 

H,C CH, 

KMoO« 

H,C CH, 

■ i 

1 1 

H,C CH 

HoS 

1 1 

H,C CH—OH 


\ / 

\ / 

C 

• 

C—OH 

i 

1 

CH 

1 

CH 

/ \ 

/ \ 

3Ha CHs 

CHa CHs 

3-Menthenc 

3,4-Menthancdiol 
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CH* 


I 

CH 

/ \ 

HaC CH 2 



C=0 

I 

CH 


/ \ 

CHa CHa 

Eetomenthylio add 


CH* 

I 

CH 

/ \ 

HiC CH, O 

1 1 & 

HaC COOH + C 

\ / \ 

COOH CHa CH* 

tf-MethyladipIo add Aoatone 


CYCLIC HYDROCARBONS, CnH,*^ 

Because of their natural occurrence, the menthadienes are much more 
important than the menthenes. Limonenes, crithmene, the phellan- 
drenes, etc., which are members of this group, may be regarded as de¬ 
rived from two isoprene units, e.g., 


CH* 

1 

C 

CH* 

1 

l 

C 

/ \ 

/ \ 

H 2 C CH 

ii _ 

HaC CH 

II — 
H a C CH a 

^ 1 l 

HaC CHa 

\ 

\ / 

CH 

i 

CH 

1 

1 

C 

1 

C 

/ \ 

/ \ 

HsC CHa 

CHa CHa 

Isoprene (two moles) 

AM < l0> Menthadiene 


The optically active forms are known as (+)- and ( — )-limonene, and 
the racemic form is known as dipentene. The oil from orange rind con¬ 
sists almost entirely of (+)-limonene; (+) limonene is also found in 
oil of dill, oil of citron, etc. ( — )-Limonene is found in oil of fir cones. 
Both optical forms are easily racemized by heat. Dipentene is found 
in oil of cinae. It is of chemical interest to note that dipentene is ob- 
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tained when geraniol is heated with formic acid; this reaction may be 

indicated as follows: 


CHs 

CH3 

h 2 c ^ch 

1 , 

/ c v 

n Hs ? V 

HjC CH 2 

>:h'6b 
/ |- 

h 2 c ch 2 

X CH 

CH 3 X CH 2 

H i 

OH a S CH» 

Geraniol 

Dipentene 

CH3 

CH3 

h 2 c x \h 

1 


h 2 c ch 

x c 

1 

HC CH 2 

X C 

M 

CHa CHa 

1 

/ CH 

CHa^CHs 

a-Terplnene. A'.MnOnthadiene, ocoura in 
Coriandrum 1 alienm and Origanum marjoram 

vTerpinene. A'.*-menthadiene, ocoura in 

Citrui medico and Coriandrum nativum 

CH1 

CHa 

11 

II 

c 

C 

/ \ 

/ \ 

HjC CH a 

HaC CH 

1 1 

1 II 

H*C CHj 

HaC CH 

\ / 

\ / 

C 

11 

CH 

1 

II 

c 

1 

CH 

/ \ 

/ \ 

CH3 CH* 

CH3 CHs 


A | ( ,, * 4(a, -MentbAdi e ne is known u critbmena. 0-Phellandrane, A 11 '*, 2-manthadiene 
It la found in oil of samphiro 




Physiological Activity 

The terpene hydrocarbons are physiologically active when adminis¬ 
tered in large doses. Schwalb found that cymene shows a narcotic 
tendency and that inhalation of its vapor narcotizes toads while suble- 
thal doses cause a profuse diarrhea in dogs. The hydrogenated cymenes 
are of special interest, e.g., A ,3 -dihydrocymene differs from cymene, 
tetrahydrocymene, and hexahydrocymene in that it is toxic and causes 
methemoglobin formation. Chemically, it is the most reactive of the 
four compounds in the series. 1 


CH, 

A 

CH, 

A 

0 

0 

i 

CH 

/ \ 

CH, CH, 

A* •‘-Dihydrocymene 

CH 

/ \ 

CH, CH, 

p-Cymeno 


DICYCLIC TERPENE HYDROCARBONS 

The dicyclic Cio compounds may be looked upon as the parent satu¬ 
rated skeletons of many naturally occurring derivatives. These are, 
if the list is restricted to those which may be considered as consisting 
of isoprene building units, the following: 

1 Arch, exptl. Path. Pharmakol., 70, 71 (1912). 
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ch 3 ch 3 

/ c ? A 

HC CH 2 H 2 C CH 2 


H 2 c\ JCH 2 h 2 c, ch | h . c ' 


CHs 

H ’ c 


CH3 
I 

X 


ch 2 


V 

I 

/ c \ 

ch 3 ch* 

Thuiane 


h 2 c. 


Xi ““Nr 

H C-CH 3 


CH 2 H 2 C 


CHyC-CH, 


/-CH 2 

CH 


d/Ha 


Carane 


Pinane 


Camphane 

Natural hydrocarbons with the thujane skeleton are a-thujene, found in 
the oil of Boswellia serrala, and d-sabinene, found in oil of savin. 

The carane derivatives include A*-carene, the chief hydrocarbon con¬ 
stituent of the oil of Pinus longifolia, and A 4 -carene, occurring in various 
Indian grasses and European pine oils. 


CH 3 

c 

h 2 c \h 


h 2 c n 


/ 


1 

CH 


\ 


C-CHs 

I 

ch 3 


ch 3 

I 

n 

h(/ X ch 2 

v 



1 


A 

V 

Y 

“■ ^ A 

A*-Car*ne A^-Carane a-Thujune (f-Sab inane. 

In the pinane group is found perhaps the most important hydrocarbon 
from botanical sources. It is a-pinene, for which the structure is: 

CH 3 

xK 

H i 

pCH,l 

H2C \ I / CH2 

C H 

a-Pinene 


a-Pinene is widely distributed in nature, being present in most of the oils obtained 
from the Coniferae. As the chief constituent of oil of turpentine it has been used 
from the earliest times, references to the oil being found as early as the thirteenth 
century. It is important for its solvent properties, being widely used in paints and 
for naval stores. It is also useful as a starting material for the synthetic preparation 
of camphor. 
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Camphane is important because it is the parent hydrocarbon of borneol 
and camphor, compounds which will be discussed under y roxy an 
carbonyl compounds, respectively. 

Carotenes 

Other types of cyclic hydrocarbons, containing conjugated unsatura¬ 
tion, are present in the carotenes. The structural relationship of the 
three carotenes to lycopene becomes apparent from a comparison o 
their respective skeleton formulas. 

C .C C \*/° 

> 7 8 9 10 11 12 13 14 15 15' 14* IS' 12* u' 10' 9' 8 1 7* £ 

c1 1 «c-c=c-c=c-c=c-oc-c=c-c=c-c=c-c=c-c-c-c c 


I 


C..C-C 


A A 


c c 

Lycopene. 11 double bond* in conjugation. a total of 13 double bond*, no cyolea. 





t^Carotene. 11 double bond., of which 10 are in conjugation. By of » biolofficml J r ® c «“ 

is not understood. fission occur* at the center of the molecule and the left half may *ervo a* a i 


•or of vitamin A. 

co 0 ° 

v Y 

/ \ / \ 
c C -C—C —C=C —C=C -C=C-C=C-C=C-C—C-C=C-C—C-C c 

I II I I I I 11 I 

c c-c c c c c c-c c 

\ / v 

c c * 

fl-Carotone, 11 double bond*, all conjugated. On. fission It ie capable of forming two molecules of 

vitamin A. 



7 -Carotene, 12 double bond*, of which 11 are conjugated, one cycle. The left half of the moleoulein 
capable of aoting as vitamin A precursor; the right half probably forma vitamin At. 
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The preferred method of numbering the straight chain, or the carbon 
atoms, in the carotenes is that suggested by Karrer. It is indicated 
above in the structure of lycopene. 

The carotenes are widely distributed in nature and were first isolated 
m 1831 by Wackenroder. They are ruby-red crystals. Their molecular 
formula was established as C 4 oH 66 in 1907 by Willstatter, but it was not 
until 1928 that a real study was made of their structure. Then, in the 
short space of three years, largely through the brilliant efforts of*Karrer 
and his associates, their structures were solved. 1 

Perhaps the greatest single aid in isolating and purifying these natural pigments 
was the chromatograph. The discovery of the principle of chromatography is due 
to Tswett, a Russian botanist,* who allowed a solution of pigments in a solvent 
such as petroleum benzin, benzene, or carbon disulfide to trickle through a column 
of adsorbent, e.g., calcium carbonate. He observed the formation of definite bands 
in the column, the substance with the greatest adsorption affinity at the top, di¬ 
rectly below a band of material with less affinity, etc. The column was removed, 
the various zones separated mechanically, and the adsorbate removed by an ap¬ 
propriate solvent. If necessary, the process could be repeated and further puri¬ 
fication achieved. 

This method of Twsett was practically a lost art for nearly a quarter of a century, 
until Willstatter employed it to show that its use makes possible a fine separation 
between related compounds. Thus, in the case of lycopene and the carotenes, 
lycopene, with 13 double bonds, shows the greatest adsorptive capacity and, hence, 
appears at the top of the column; 7 -carotene, with 12 double bonds, appears below 
lycopene; next comes 0 -carotene since its 11 double bonds are in conjugation; last 
is ct-carotene, for, although it has as high a degree of unsaturation as 0 -carotene, 
only 10 of its double bonds are in conjugation. 

Carotene, N.N.R. (Pro-vitamin A), is a hydrocarbon pigment quite 
widely distributed in nature. Good sources are apricots, carrots, broc¬ 
coli, spinach, lettuce, squash, sweet potato, and leafy vegetables. But¬ 
ter, cream, milk, egg yolks, and liver are common sources of vitamin A 
activity which may be regarded as derived from the carotenes. 

Since cattle do not utilize the carotenes in appreciable amounts, it is 
suggested that bovine feces be used as a source for their isolation . 3 

Carotene consists of three isomeric forms: a, 0, and y, and in most 
products the 0 form predominates. Crystalline carotene, m.p. 172-178°, 
is almost tasteless and has a slight aromatic odor. It is readily soluble 
in chloroform and benzene; slightly soluble in ether, petroleum oils, 
and fixed oils; and practically insoluble in water. The crystals are un¬ 
stable, being readily oxidized on exposure to air and sunlight. They 
should be preserved in a vacuum or in an inert atmosphere and stored 
in a dark place at a low temperature. 

1 Helv. Chim. Acta, 1928-1930. 

* Ber. deut. botan. Ges., 24, 316, 384 (1906). 

* Hastings and Shimkin, Science, 103, 643 (1946). 
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Most of the products on the market are prepared from carrots by 
extraction, purification, and concentration. Either the crystals or con¬ 
centrates are then incorporated into suitable forms for administration, 
such as tablets or a solution in cottonseed, cod liver, or some other oil. 
The shortage of cod liver oil has been met in part by a solution of caro¬ 
tene in oil containing a vitamin D concentrate so that the product has 
the same potency as the official cod liver oil. Carotene has the same 
uses as vitamin A. 

Carotene products are assayed biologically in terms of vitamin A 
potency. Pure /3-carotene has been used to measure the potency of 
vitamin A products. The unit is the vitamin A activity of 0.6 y 
(0.0006 mg.) of /3-carotene. 

The carotenes, with such high degree of unsaturation, are theoretically 
capable of existing in numerous cis-trans isomers. The natural com¬ 
pounds, however, are all trans, and this spatial arrangement is also the 
most active biologically. The conversion of some of the double bonds 
into the cis structure decreases very appreciably the potencies of the 
molecules. 1 

Phytofluene, C4oH« 4 (tentative formula), is a colorless, natural, 
polyene hydrocarbon, found widespread in the vegetable kingdom and 
occurring with the carotenoids. It is of higher degree of hydrogenation, 
possessing properties suggestive of partially hydrogenated carotenes. 
Hydrogenation indicates the presence of seven double bonds, and absorp¬ 
tion maxima indicate that five double bonds are in conjugation. It 
is possibly a biological precursor of the carotenes; such an assumption 
accords with the observation that during the ripening process of many 
fruits oxygen is needed for completion of carotenoid synthesis. Phyto¬ 
fluene has no vitamin A activity and in the animal is largely destroyed. 
The best source is Neurospora, occurring 3 to 4.5 mg. per 100 g. dried 
organism. 2 

AROMATIC HYDROCARBONS 

The term aromatic is of historical significance only, for the presence 
of the benzene nucleus in a molecule does not necessarily confer aroma. 
Nor do all the odoriferous compounds contain the benzene nucleus. 
Hence, in the chemical sense, most aromatic compounds contain the 
benzene nucleus or are an isoster thereof. An isoster is a compound 
having the same electronic configuration, e.g., benzene and thiophene. 
Compounds such as naphthalene and phenanthrene which are condensed 
benzene ring systems are usually considered aromatic compounds. 
This aromaticity is found only in the six-membered cycle. Cyclo- 

1 Deuel et al., Arch. Biochem., 7, 247, 447 (1945). 

a Zechmeister et al., J. Am. Chem. Soc., 68 , 197 (1946); Arch. Biochem., 11 , 373 
and 539 (1946). 
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butadiene and cyclooctatetraene are completely devoid of the properties 
associated with aromatic compounds. Of all the cyclic hydrocarbons 
having the general formula CnH 2n -e, benzene and its homologs are the 
most stable. 

Homology and isomerism in the benzene series are illustrated by the 
compounds: 


CHa CH, CHa CH* 



CH, 


Toluene o-Xylene m-Xylene p-Xylene Ethylbcnsene 

The alkyl side chains have aliphatic properties, and the benzene nucleus 
has aromatic properties. 

Benzene as such does not occur naturally, but it is widely distributed 
in the form of its derivatives, such as benzaldehyde, salicylic acid, 
ephedrine, tyrosine, cinnamaldehyde, and mescaline. 

Syntheses within the series of aromatic compounds are of particular 
importance in pharmaceutical chemistry and will be mentioned from 
time to time, as occasion arises. The synthesis of aromatic com¬ 
pounds from nonaromatic intermediates is primarily of theoretical 
interest because of the light it sheds on the structure and behavior of 
benzene and its homologs. Among the more important syntheses may 
be mentioned: 

1. The polymerization of acetylene when passed at low heat through an iron tube. 

2. The polymerization of acetylene homologs to form homologs of benzene. 

3. The pyrogenic formation from aliphatic hydrocarbons. 

4. Certain 1,5-diketones, in the presence of hydrogen chloride, form hydro¬ 
genated derivatives which may be dehydrogenated to aromatic derivatives. 

5. The cyclization and dehydrogenation of paraffin hydrocarbons; e.g., during the 
war the heavy demands for toluene were met in large part by its preparation from 
7 i-heptane. Catalysts for the reaction are the oxides of chromium or molybdenum 
supported on the oxides of aluminum or magnesium. 

The most general source of aromatic hydrocarbons is the destructive 
distillation of coal and wood. The products probably do not exist as 
such in the coal or wood but are formed during the pyrolytic and pyro¬ 
genic reactions taking place in the distillation. 

Physiological Activity 

Benzene and some related compounds have been studied in con¬ 
siderable detail because of their use in industry and the danger to workers 
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exposed to their vapors over long periods. Industrial poisoning caused 
by prolonged exposure in an atmosphere contaminated by such com¬ 
pounds may cause profound action on the central nervous system, and, 
in high concentrations, death may follow. Workmen unduly exposed 
to the vapors of these hydrocarbons show a decrease in both red and 
white corpuscles. The rabbit detoxifies benzene by oxidizing it to 
muconic acid. 


CH CH 

/ \ ✓ \ 

HC CH HC COOH 

I 1 —► I 

HC CH HC COOH 

\ / \ / 

CH CH 

Benzene Muconic acid 


Benzene, toluene, and xylene, particularly the last two, are frequently 
employed as laboratory antiseptics and preservatives, and they are 
parasiticides for mites, lice, fleas, etc. 

The introduction of an alkyl group into benzene increases the activity, 
and the activity increases with the length of the alkyl chain. Thus 
propyl and amylbenzene are progressively more active than benzene, 
toluene, or ethylbenzene. When two alkyl groups are introduced into 
the benzene ring as in xylene, the activity decreases, especially if the 
groups are adjacent; e.g., o-xylene is about one-fifth as active and 
p-xylene is about one-third as active as toluene. 

Naphthalene, m.p. 80°, b.p. 218°, is found abundantly in coal tar. 
It is volatile and possesses a characteristic odor. It is used directly in 
moth balls and as an industrial germicide and antiseptic. It is used 
extensively in the manufacture of phthalic acid and in the preparation 
of dye intermediates. Its accepted structure shows it to contain two 
condensed benzene nuclei, and, since the molecule is a benz-benzene or a 
substituted benzene, it becomes obvious that there are two different 
monosubstitution positions in the molecule; positions 1, 4, 5, and 8 are 
identical, and positions 2, 3, 6, and 7 are identical. Depending on con¬ 
ditions, naphthalene may be hydrogenated to the tetrahydro or the 
decahydro derivatives, known as tetralin and decalin, respectively. 


JCH .CH 
HC^ 8X C /l ' i 2CH 
I II I 

HCe C 3 C H 
\b/ \</ 

CH CH 

Naphthalene 


^ c \ / c ^ 2 

HC X C X CH 2 

I II I 

HC \ A / CH2 

CH CH 2 

Tetrahydronaphthalene, 

tetralin 


2 / c ^ 2 

H 2 C CH CH 2 
I I I 

h 2 c ^ch / ch 2 
x ch 2 x ch 2 


Decahydronaphthalene, 

decalin 
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These hydrogenated compounds are used as solvents for extraction 
purposes. 

If hydrogenated naphthalene compounds are heated with elemental 
sulfur, or better still with elemental selenium, the aromatic compound is 
again obtained. Such dehydrogenation is of great importance in estab¬ 
lishing the structures of many naturally occurring polycyclic hydrocar¬ 
bons, particularly of the sterol derivatives and the cyclic polyterpenes. 

Anthracene, C m Hio, m.p. 218° and b.p. 354°, is found in the higher- 
boiling fractions of coal tar. Its structure is that of 2,3-ben znaphtha- 
lene. Its formulas, and the method of numbering, are indicated below. 


8 9 1 



6 10 4 


Phenanthrene, m.p. 99.6° and b.p. 340°, is also found in coal tar and is 
undoubtedly formed during the destructive distillation. Its structure 
is that of 1,2-benznaphthalene. Although phenanthrene has value in 
dye chemistry and industry, the pharmaceutical chemist is interested 
in the medicinal products structurally derived from it. The phen¬ 
anthrene ring system appears naturally in various stages of hydrogena¬ 
tion and substitution, e.g., in morphine and more particularly in the 
steroid compounds. The sterols and sterol-like substances are charac¬ 
terized by the carbon skeleton found in 1,2-cyclopentenophenanthrene. 
The accepted method of numbering the carbon atoms is indicated in the 
following formulas. It will be noted that the convention adopted for 
the sterol skeleton does not follow that employed for phenanthrene. 



Phenanthrene Sterol ekeleton ^Methyl-l^y^open^no^nan^ 
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The sterol skeleton, present in natural products such as cholesterol, 
ergosterol, cardiac aglycones, sex hormones, etc., having a carbon chain 
substituted at position 17, when heated with elemental selenium or 
sulfur is converted into 3'-methyl-l,2-cyclopentenophenanthrene, fre¬ 
quently spoken of as Diels’ hydrocarbon. 

Hildebrandt studied the influence of hydrogenation upon the physi¬ 
ological action of phenanthrene derivatives. His results show that the 
toxicity diminishes almost logarithmically with the degree of hydro¬ 
genation. 1 

Methylcholanthrene applied to the epidermis of the mouse reduces 
to approximately half of normal the calcium and iron content . 2 When 
the epithelial cells have become malignant, there is a further reduction 
in the calcium content . 3 This decrease in the concentration of calcium 
reduces the adhesiveness of the cancer cells so that they may become 
detached; by ameboid movement these cells are enabled to wander into 
the surrounding tissues and establish new colonies . 4 

There has been widespread interest during the past several years in 
the cancer-producing activity of certain polynuclear aromatic hydro¬ 
carbons. This interest resulted from the observations: that repeated 
applications of certain coal-tar fractions to the ear skin of rabbits might 
cause cancer; that industrial workers who were frequently in contact 
with coal tar were especially susceptible to skin cancer; and that certain 
bile acids could be converted in vitro to the carcinogenic hydrocarbon, 
methylcholanthrene I. 

The careful fractionation of coal-tar concentrates followed by a study 
of the carcinogenic activity of the purified hydrocarbons reveals that 
all are derivatives of benz[a]anthracene IV. Benzo[a]pyrene II has been 
isolated and identified as an active carcinogen from coal tar. Di- 
benz[a,/i]anthracene III was the first cancer-producing hydrocarbon 
obtained by synthetic methods. It has been found that derivatives of 
benz[a]anthracene having a substituent at position 7, 8 , or 12 are potent 
carcinogens. 

The polycyclic hydrocarbons have been used to induce experimental 
cancer in mice under controlled conditions so that all stages of the growth 
can be observed and examined. When cancer is produced in animals 
under controlled conditions, possible curative agents can be tested 
advantageously. 

1 Arch, exptl. Path. Pharmakoi, 59, 140 (1908). 

* Carruthers and Suntzeff, Cancer Research, 3, 744 (1943); C.A., 38, 3014 (1944). 

3 Carruthere and Suntzeff, Science, 99, 245 (1944). 

4 Coman, Science, 105, 347 (1947). 
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Azulene, CioH 8| platelets with a blue metallic luster, m.p. 99°, with 
an odor resembling that of naphthalene, is the parent ring system of 
many natural sesquiterpenoid compounds. It is characterized by a 
five- and seven-membered cycle. Its color, as also that of its derivatives, 
is ascribed to the system of five conjugated double bonds. Its structure 
is established by synthesis from hydrindene: the six-membered cycle is 
expanded by condensation with ethyl diazoacetate : l 



Hydrindene 


hydrolysis, decarboxylation. 
then dehydrogenation with Pd 



The first of these blue compounds to be encountered in natural 
products was chamazulene, found by Piesse in camomile oil. 2 It is the 
component of the oil which exerts an anti-inflammatory action 3 and a 
beneficial effect in various skin afflictions. 4 


l Wagner-Jauregg, Arnold, and Htiter, Ber., 74, 1522 (1941). 

* Ruzicka and Rudolph, Helv. Chim.Acla, 9 118 0926). 

> Heubner and Albath, Arch, exptl. Path . Pharmakol., 192, 383 (1939), 

2932 (1940). 

4 Htiter, Deutsche Parfum. Ztg., 28, 153 (1942). 


C.A.. 34, 
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The proposed structure is 1 , 5 -dimethyl-S-isopropylazulene . 1 The 
isomeric l,4-dimethyl-7-isopropylazulene, called S-guaiazulene , is ob¬ 
tained by the sulfur-dehydrogenation of many natural products; and 
4 8 -dimethyl- 2 -isopropylazulene, called vetivazulene, is obtained when 
the sesquiterpene components of vetiver oil are dehydrogenated . 2 

It will be observed that the tri-isoprene or farnesene carbon arrange¬ 
ment appears in all three compounds. 


CH, 



CH, CH 
CH, CH, 

Chamasulene 



S-Guaiaiulcno 



Vetivaxulene 


CH, 


C CH 
HC^ X C / \« 

HC C X5—CH, 

XT CH 

I 

.CH 


:h, 


\ 


CH, 

Cadalcno 


The structures of other natural azulene derivatives remain to be 
established. 

The heat of combustion for S-guaiazulene is 20.5 Cal. greater than for cadalene 
(l,6-dimethyl-4-isopropylnaphthalene), and the bond energy for the azulenic nucleus 
is about 8 per cent less than for its naphthalenic isomer.* 

1 Wagner-Jauregg, Friess, Hippchen, and Prier, Ber., 76, 1157 (1943); C.A., 38, 
4932 (1944). 

*St. Pfau and Plattner, Helv. Ckim. Ada, 19 ( 858 (1936); C.A., 30, 5977 (1936). 

* Perrottet, Taub, and Briner, Helv. Chim. Ada, 23, 1260 (1940); C.A., 35, 2497 
(1941). 
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LARGER CYCLES 

Reppe, 1 adapting the classic reaction by which Berthelot cyclized 
acetylene into benzene, has obtained encouraging yields of larger cycles, 
i.e., cyclooctatetraene, cyclodecapentaene, and cyclododecahexaene. 

Cyclooctatetraene possesses few if any aromatic properties. It ap¬ 
pears to exist in three isomeric forms: 

CH 


✓ \ 


CH=CH 

CH 

( 

0 CH 

/ 

\ 

/ \ 

/ 


\ 

HC 

CH 

HC C-CH 

h 2 c 


CH, 

ii 

1 1 II 
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/ 

HC 

CH 

HC C—CH 

HC C 

\ 

/ 

N / 




CH=CH 

CH 


CH 


Typo I 

CycIoOctAtotraonc 

Bicy -2,4,7- 

octathcno 

Typo 111 

1.2-4,6-DimethyloDO- 

2,&-cyclohexMieDO 


Types I and III may be oxidized with hypochlorous acid to terephthalde- 
hyde, and with chromic acid to terephthalic acid. In the presence of 
mercuric sulfate the bicyclooctane structure, Type II, forms phenyl- 
acetaldehyde with water and the acetal with ethanol, perhaps as follows: 


CH ? 

HC CH-C-OH 


iCT CH-CH 

T l 1 


HC X CH—CH* 
X CH 


HC CH-CH 
CH, 


1 

HC 


P* 

HC CH 

-> I II 

HC C—CH.CHO 
CH 


\ X3E 

C '$oIw. HC CH 

C—CH,CH(OC«Hi)t 
CH 


The skeleton of Type II appears in /3-caryophyllene, a natural bicyclic 
sesquiterpene. 

1 Reported by Bigelow, Chem. Eng. News, 25, 1041 (19470- 
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CH* CH 3 

/ \ I 

CH 3 C CH—C—CHs 

II I I 

HC CH—CH* 

\ / 

CH CH* 

CHr-C 

\ 

ch 3 
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CHAPTER II 

HALOGENATED HYDROCARBONS 

Hydrocarbons in which one or more hydrogen atoms are replaced, or 
substituted, by a halogen atom are known as halogenated hydrocarbons. 
It is obvious that halogen derivatives of substantially all the hydrocar¬ 
bons are possible, and many of them are known. Any of the four halo¬ 
gens, fluorine, chlorine, bromine, and iodine, or combination thereof, 
may be found in the halogenated hydrocarbons, each element having 
its own particular effect on the chemical, physical, and physiological 
properties. For the various halogenated derivatives of methane, the 
physical properties, names, and formulas are given in Table 4. An 
analogous table is also given for the ethanes, Table 5. The effect of 
successive chlorine introduction into the ethane molecule is summarized 
in Table 6. The data for the primary n-alkyl chlorides are given in 
Table 7; similar data for the chlorinated benzenes form Table 8. 

The nature of isomerism and the nomenclature of these compounds is 
indicated in the tables. 

Preparation 

Halogenated hydrocarbons do not occur naturally. Their synthesis 
and preparation may be summarized: 

1. Substitution of hydrogen. Chlorine and bromine may enter by direct 
replacement of a hydrogen atom in an aliphatic molecule or in an aromatic 
hydrocarbon. Usually the first halogen atom enters an aliphatic molecule 
quite easily, and as the molecule becomes more and more halogenated, further 
substitution becomes increasingly difficult. Direct substitution by halogens 
is facilitated by means of catalysts or by means of light. 

(a) Elemental fluorine, an extremely reactive gas, acts by direct substi¬ 
tution. 

(&) Ethane, as an example of a hydrocarbon, reacts with chlorine first to 
form ethyl chloride; the second substitution forms ethylidene chloride, 
CH3 CHC1 2 . Propane yields a mixture of n-propyl chloride and 
2-chloropropane; the amounts of each isomer depend on the conditions 
under which the reactions are carried out. 

(c) Bromine acts quite as does chlorine except that the reaction is not so 
vigorous. 
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TABLE 4 

Halooenated Methanes 


Formula 

Name 

Boiling 

Point 

°C. 

Melting 

Point 

°C. 

Specific 

Gravity 

CHjF 

Methyl fluoride, 
fluoromethane 

-78.6 

-141.8 

0 8714 at 78° 

CH,C1 

Methyl chloride, 
chloromethane 

-23.7 

-97.6 

0.920 at 18° 

CHjBr 

Methyl bromide, 
bromomethane 

4.6 

-93 

1.732 at 0° 

CHjI 

Methyl iodide, iodo- 
methanc 

42.6 

-66.1 

2.279 

CHtFj 

Methylene fluoride, 
difluororaethane 

-51.6 



CHjCli 

Methylene chloride, 
dichloromethane 

40.1 

-96.7 

1.336 

CHjBr a 

Methylene bromide, 
dibromomethane 

97 8 

-52.8 

2.46 at 15° 

CH 1 I 1 

Methylene iodide, 
diiodomethanc 

180 dec. 

5-6 

3.325 

CHF, 

Fluoroform, trifluoro- 
methane 

-82.2 

-163 


CHC1, 

Chloroform, trichloro- 
me thane 

61.3 

63.5 

1.4985 

CHBr, 

Bromoform, tribromo- 
methane 

150.4 

7.7 

2.890 

CHI, 

Iodoform, triiodo- 
methane 

_ 

119 


cf 4 

Carbon tetrafluoride, 
tetrafluoromethane 

-128 

-184 

1.96 

CC1 4 

Carbon tetrachloride, 
tet rachloromethane 

76.8 

-23 

1.595 

CBr 4 

Carbon tetrabromide, 
tetrabromomethane 

189.5 

90.1 

3.42 

CI 4 

Carbon tetraiodide, 
tetraiodomethane 

dec. 

171 dec. 

4.32 
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TABLE 5 


Halogenated Ethanes 




Boiling 

Melting 

Specific 

Formula 

Name 

Point 

°C. 

■si 

Gravity 

C,H,F 

C.H.Cl 

Ethyl fluoride, fluoro- 
ethane 

Ethyl chloride, chloro- 

-32 

El 

1.7 X air 

0.910 

ethane 

12.2 

CjH*Br 

Ethyl bromide, 
bromoethane 

Ethyl iodide, iodo- 

38 

■■ 

1.430 

C.H.I 

■1H 

1.933 

ethane 

72.2 

-108.6 

CHjF—CH>F 

CHiCl—CH,C1 

Ethylene fluoride, 

1, 2 -difluoroethane 
Ethylene chloride, 

10-11 

— 

1.267 

1 , 2 -dichloroethane 

83.7 

-36.3 

CHjBr—CHiBr 

Ethylene bromide, 





1, 2 -dibromoethane 

131.7 

10 

2.182 

CH t I—CHjI 

Ethylene iodide, 





1 , 2 -diiodoethane 

dec. 

82 

2.132 

CHjCHFi 

Ethylidenc fluoride, 





1,1-difluoroethane 

-24.7 

— 

— 

CH.CHC1, 

Ethylidene chloride, 





1 ,1-dichloroethane 

67.3 

-97.6 

1.174 

CHjCHBri 

Ethylidene bromide, 





1,1 -di bromoethane 

110 

— 

2.056 

CHiCHIt 

Ethylidene iodide, 





1,1-di iodoethane 

179 


2.84 


TABLE 6 

Chlorinated Ethanes 


Formula 

Name 

Boiling 

Point 

°C. 

Melting 

Point 

°C. 


CHjCH a Cl 

Chlorocthane 

12.2 

m eg 

0.910 

CHjCHCli 

Ethylidene chloride, 

1 ,1-dichloroethane 

67.3 

mm 

1.174 

CHiCl—CHiCl 

Ethylene chloride, 1,2-dichloro- 
ethane 

83.7 

mm 

1.257 

CHjCClj 

1,1,1-Trichloroethane 

74.1 


1.334 

CHjCl—CHCIj 

1,1,2-Trichloroethane 

113.6 


1.443 

CHClj—CHClj 

1,1,2,2-Tetrachloroethane 

146.3 

-48.3 

1.60 

CHjCl—CC1* 

1,1,1,2-Tetrachloroethane 

130.5 


1.588 

CHClj—CCI* 

Pentachloroethane 

162 

-29 

1.709 

ecu—ecu 

Hexachloroethane 

— 

185 

2.091 
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TABLE 7 


Primary tj-Alkyl Chlorides 


Formula 

Name 

Boiling 

Point 

°C. 

Melting 

Point 

°C. 

Specific 

Gravity 

CH.C1 

Chloromethane 

-23.7 

-97.6 

0.920 at 18° 

CHjCHjCl 

Chloroethane 

12.2 

-138.7 

0.910 

CELCH.CHjCl 

Chloropropane 

46.6 

- 122.8 

0.890 

CH* (CHj) jCHjCl 

Chlorobutane 

78 

-123.1 

0.884 

CHj (CHj)|CH a Cl 

Chloropentane 

108.2 

-99 

0.883 

CHj(CHj)«CHjC1 

Chlorohexane 

134 

-83 

0.872 

CH* (CH S )»CH|C1 

Chloroheptane 

159.5 

-69.5 

0.872 

CH a (CH,).CH,Cl 

Chlorooctane 

184.6 

— 

0.8745 


TABLE 8 


Chlorine Derivatives op Benzene 


Formula 

Name 

Boiling 

Point 

# C. 

Melting 

Point 

°C. 


C.H 4 CI 

Chlorobenzene 


-45 

0.107 

C«H«Cli 

o-Dichlorobenzene 


-17.6 

1.298 


m-Dichlorobenzene 

173 

-24.8 

1.288 

C«H«CU 

p-Dichlorobenzene 

1,2,3-Trichloroben- 

173 

52.9 

1.458 


zene 

1,2,4-Trichloroben- 

219 

52 

—• 


zene 

1,3,5-Trichloroben¬ 

213 

17 

1.674 at 10° 

C 1 H 1 CI 4 

zene 

1,2,3,4-Tetrachloro- 

208.5 

63 



benzene 

1,2,3,5-Tetrachloro- 

254 

47.5 

** 


benzene 

1,2,4,5-Te trachloro- 

246 

51 

mmmm 


benzene 

246 

138 

1.734 at 10° 

c,Ha, 

Pentachlorobenzene 

277 

86 

1.842 at 10° 

C.CU 

Hexachloroben zene 

326 

226 

1.569 at 236° 
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(d) Iodine seldom reacts by substitution. However, it frequently aids m 
direct chlorination or bromination, serving in the capacity of a catalyst, 
perhaps according to the equations: 

Ii + 3 C 1 * —► 2ICI3 

ICh—>IC1 + 2C1 

2. Addition to unsaturated or ethylenic bonds. Ethylene, for example, reacts 
with a hydrohalogen acid (including hydrogen iodide) to form the halogenated 
ethane, 

CH*=CH* + HX —► CH 3 —CH*X 

Propylene under similar circumstances forms the isopropyl halide, CH 3 — 
CHX—CHs. From a study of such addition reactions, it may be established 
that usually the halogen atom attaches itself to the carbon atom to which 
are linked the least number of hydrogen atoms. Unsaturated hydrocarbons 
with one double bond will add on a molecule of the halogen directly, forming 
a product containing two atoms of halogen per molecule: 

R—CH=CH—R' + X* —► R—CHX—CHX—R' 

The quantitative estimation of double bonds, or unsaturation, known as 
iodine value, depends on this reaction. In practice, IC1 or IBr is employed. 

3. Replacing an alcoholic hydroxyl group with a halogen atom. This method 
of preparation may be summarized: 

(а) Reaction of an alcohol with hydrochloric or hydrobromic acids to form 
the alkyl chlorides and alkyl bromides, respectively, 

ROH + HX —► RX 4- HOH 

This method is not practical for the preparation of iodides. 

(б) Reaction of an alcohol with phosphorus trihalide, 

3ROH 4- PX 3 —*■ 3RX 4- P(OH ) 3 

This method is applicable also for the preparation of iodides. In prac¬ 
tice PI 3 is prepared by the reaction of elemental iodine with red phos¬ 
phorus; this is done in the presence of the alcohol, and the alkyl iodide 
is formed directly from the phosphorus iodide. 

(c) The reaction of an alcohol with phosphorus pentahalide. This reaction 
may be indicated by the general equation, 

ROH 4- PX 6 —► RX 4- POX3 4- HX 

4. Replacing a carbonyl oxygen atom with two atoms of halogen. This reaction 
is employed with aldehydes and ketones and may be indicated as follows: 

RCHO 4- PX 8 —> RCHX 2 4 - POX 3 
R—CO—R' 4- PX 6 —► R—CX 2 —R' 4- POXs 
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Properties 

An indication of the physical properties of the halogenated hydro¬ 
carbons may be obtained by referring to Tables 4 to 8 inclusive. Chemi¬ 
cally, the halogen in these compounds is quite firmly bound to the carbon 
atom. It is not ionizable and, hence, when an alkyl halide is treated 
with silver nitrate, only slow reaction takes place. Further chemical 
properties are exemplified and summarized by the reactions: 

(а) The Wurtz synthesis of hydrocarbons, 

2RX + 2Na —> R—R + 2NaX 

(б) Formation of the Grignard reagent, 

RX + Mg —► R—Mg—X 

The Grignard reagent, general formula RMgX, is extremely useful in the 
synthesis of other compounds, as will be pointed out. 

(c) Reaction with alkali cyanides to form organic cyanides or nitriles with an 
increase in the length of the carbon chain, 

RX + KCN —► RCN + KX 

(d) Reaction with aqueous alkali to form alcohols, 

RX + KOH (aqueous) —► ROH + KX 

(c) Reaction with alcoholic potassium hydroxide to form unsaturated com¬ 
pounds, 

R—CH 2 —CHX—R' + KOH (ale.) —► R-CH=CH-R' + HOH + KX 

(/) Reaction with metallic alkoxides to form ethers; this is known as William¬ 
son’s ether synthesis, 

RONa + XR' —► R—O-R' + NaX 

(g) Hofmann’s synthesis of amines, which is indicated, 

RX + NH, —►(RNH,)X 

RX + NH 2 R —>• (R 2 NH 2 )X 

RX + NHR 2 —► (R»NH)X 

RX + NR, —*-(R«N)X 

FLUORINE COMPOUNDS 

Inorganic fluorine and fluorides are quite toxic. Sodium fluoride and 
sodium fluosilicate are used as poisons against roaches, rodents, etc., 
acting directly on the protoplasm. The presence of inorganic fluorine 
in drinking water, as little as 0.3 mg. per liter, has been found to produce 
mottling of teeth if taken before the teeth have erupted. Organic 
fluorine, on the other hand, is quite another matter. Generally the 



CHLORINE COMPOUNDS 


47 


fluorine atom is so firmly bound to the carbon atom that there is very 
little likelihood of its acting as the fluorine ion. It has been found, tor 
example, that a synthetic atmosphere in which 80 per cent of nitrogen 
has been replaced by a corresponding amount of trifluoromethane or 
tetrafluoromethane is tolerated by rats over long periods of time without 
any apparent untoward effect, not even producing anesthesia. Fluorine 
is found in small amounts in the human body, but its function has not 
been established. 

An important fluorine-containing compound is “ Freon," dichloro- 
difluoromethane, CF 2 C1 2 . It is used in refrigeration as an easily lique¬ 
fiable gas. Extensive tests indicate that it is nontoxic and, hence, should 
it escape, it would produce no health hazard. It is unsafe to assume, 
however, that the presence of the fluorine atom in an organic molecule 
is generally innocuous' Fluoroacetic acid, for example, and its fluoro- 
ethyl ester are extremely toxic. 


CHLORINE COMPOUNDS 

It is stated that the introduction of a chlorine, bromine, or iodine 
atom into an aliphatic hydrocarbon increases thp main physiological 
properties of the molecule. For example, hydrocarbons possess narcotic 
activity, but the halogenated hydrocarbons have this activity to an 
increased degree. The greater the extent of halogenation the greater 
is the hypnotic activity. As a rule, the chlorine substituted products 
are more active in this respect than the analogous bromine compounds, 
and these, in turn, are more effective than the iodine derivatives. 

The chlorinated hydrocarbons are widely used as solvents. The 
toxicity of the chloro compounds seems to be related to the number 
of chlorine atoms and to the ratio of chlorine to carbon atoms in the 
molecules. When methane is converted successively into methyl 
chloride, methylene chloride, chloroform, and carbon tetrachloride, the 
toxicity and the anesthetic activity of the compounds increase to the 
'maximum in carbon tetrachloride. The chloro derivatives of ethane 
also show increasing activity as anesthetics and become more toxic as 
the number of chlorine atoms increases. Ethyl chloride produces general 
anesthesia when given mixed with oxygen or air by inhalation. The 
dichloro derivatives are also anesthetic and better tolerated than chloro¬ 
form; the ethylidene compound, CH 3 —CHC1 2 , is slightly less toxic 
than the symmetrical compound, CH 2 C1—CH 2 C1. Trichloroethane, 
CH 2 C1 CHC1 2 , produces a deep anesthesia when administered under 
proper conditions. Hexachloroethane, a solid, when administered by 
injection in an oil emulsion or by inhalation of its vapor causes narcosis, 



48 


HALOGENATED HYDROCARBONS 


showing that the activity continues after all the hydrogen atoms in the 
molecule have been replaced. 

Methyl Chloride mixed with ethyl chloride and ethyl bromide has 
been used as a general anesthetic. When the gas is compressed it forms 
a colorless liquid having an ethereal odor and a sweet taste. Upon 
evaporation, it produces a temperature of about —23°, and when the 
evaporation is increased by a current of air a temperature of —55° can 
be attained. It is used to a limited extent as a local anesthetic applied 
on cotton or sprayed onto the skin, but, because it may cause blisters 
unless used with caution, it is mixed with ethyl chloride. 

Methylene Chloride is commercially available and is an excellent 
solvent for fats and related compounds. It has been used to a limited 
extent as a general anesthetic by inhalation but it has a depressant 
action on the heart and respiratory function, increases the secretions 
from the tracheal and bronchial mucosa, and in general is considered 
to be less efficient than chloroform. 

Chloroform, U.S.P. (Trichloromethane), CHClj, was first prepared 
independently by Liebig and Soubeiran (1831) and its formula was 
established by Dumas (1835). It is prepared by saturating ethanol 
with chlorine and then treating with lime; or it may be prepared by 
treating alcohol with chlorinated lime. The reactions may be indicated, 

Cb Cb 

CHj—CH 2 OH —► CHj—CHO —► CCI 3 -CHO 

Ca(OH)a 

—► CHCU + (HCOO) 2 Ca 

The first step is the oxidation of the alcohol to acetaldehyde; the alde¬ 
hyde is then chlorinated and the trichloroacetaldehyde, reacting with 
alkali, breaks down into chloroform and the salt of formic acid. 

This method of preparing chloroform is an example of the haloform reaction. 
Any compound containing the group CHa—CO— or readily yielding this group on 
oxidation behaves in a similar manner, and the reaction written in general terms may 
be indicated, 

CHj—CO—R —► CXj—CO— R —► CHXj + HO—CO—R (as salt) 

In acetaldehyde, R in the equation is H. The reaction also proceeds with methyl- 
carbinols of general structure CH a —CHOH— R. The first step is the oxidation to 
the ketone CHa—CO— R. The reaction is important not only as a method for 
preparing chloroform, but also because it may be employed to identify methyl- 
carbinols and methylketones. The product with iodine is iodoform, which lends 
itself easily to identification. 

Chloroform also can be prepared by various other methods such as 
the electrolysis of a mixture of acetone and sodium chloride. Very pure 
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chloroform can be made by warming chloral or chloral hydrate with 
sodium hydroxide, 

CCI 3 CHO + NaOH —> CHCI 3 + HC0 2 Na 

Chloroform is prepared industrially by reducing carbon tetrachloride 
with iron and water; a by-product of this reaction is tetrachloroethylene. 

CC1, + Hi—*■ CHClj + HC1 

2CCU + 2Fe —► CC1,=CC1, + 2FeCl, 

Another method uses zinc dust and a solution of ammonium chloride. 1 
The technical chloroform obtained by these methods is separated, 
washed with water and then with sulfuric acid, and distilled from a 
copper distillation apparatus. 

Chloroform, b.p. 61.2°, is a colorless liquid with a characteristic, 
ethereal odor and a burning, sweet taste. It dissolves slightly in water 
(1: 210) but it is miscible with alcohol, ether, petroleum benzin, benzene, 
and fixed and volatile oils. Its vapors are nonflammable. It is used 
extensively as an industrial solvent for resins, rubber, fats, iodine, and 
many organic compounds. 

The hydrogen on a carbon atom holding a number of negative atoms 
or groups usually is oxidizable readily to the hydroxyl group. With 
chloroform, an open flame or atmospheric oxygen in the presence of 
light and moisture as catalysts can cause oxidation to trichloromethanol, 
and the subsequent elimination of HC1 forms phosgene as indicated by 
the equations 

2CHC1, + 0 2 —► 2 CCI 3 OH 

Cl 

/ 

CCUOH —> C=0 + HC1 

\ 

Cl 

Since phosgene is very toxic, chloroform for anesthesia must be free of 
this substance. The formation of phosgene is prevented by preserving 
the liquid in small, well-filled, tightly stoppered cans or bottles. Small 
amounts of ethanol, 1 per cent or less, may be added to eliminate any 
phosgene formed as the innocuous ethyl carbonate, 

COCl 2 + 2CH3CH2OH —(C2H5O2CO + 2 HCI 

Narcotics have been used since antiquity to deaden pain, but safe anesthesia as 
we know it today was introduced about a century ago. Credit for its introduction 

1 Frisch, Brit. pat. 571,301; C.A., 41, 1694 (1947). 
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must be divided among several men. In 1799 Sir Humphry Davy announcing 
the anesthetic properties of laughing gas suggested: “ As nitrous oxide in its ex¬ 
tensive operation appears capable of destroying pain, it may probably be used 
vuth advantage during surgical operations in which no great effusion of blood takes 
place.” In 1842 Crawford W. Long, of Jefferson, Georgia, administered ether as 
a surgical anesthetic. However, his results were not sufficiently publicized to 
attract general notice. Horace Wells, a dentist in Hartford, Connecticut, witnessed 
a public demonstration of the effects of nitrous oxide in December 1844. Observing 
that it produced insensibility to pain, on the next day he had a tooth extracted 
while he was under the influence of the gas. The operation was a success and he 
gave it wide publicity, which resulted in the introduction of the gas into dental 
practice in Hartford. In 1845 Wells tried ether but thought it inferior to nitrous 
oxide. In January 1845, Wells gave an unsuccessful demonstration of anesthesia 
in Boston. This apparently discredited nitrous oxide until its reintroduction by 
Colton in 1863, whose first demonstration had induced Wells to try the gas on himself. 

A Boston chemist, Ch&rles T. Jackson, during the winter of 1841—42 etherized 
himself into unconsciousness and conceived the idea of using ether as an anesthetic. 
He discussed his idea with Wm. G. T. Morton, a Boston dentist, who employed it 
successfully in September 1846. A month later a perfect demonstration of its value 
in surgery was given by J. C. Warren at the Massachusetts General Hospital. 

Chloroform parties,” at which the guests would sit around a bowl of chloroform 
until they toppled unconscious to the floor, were becoming quite common in Eng¬ 
land. From this the use of chloroform in surgical anesthesia was a logical develop¬ 
ment. Simpson first used it on man in 1847. 

One of Simpson’s patients was Victoria, on whom he used chloroform during the 
delivery of the royal children. It is reported that the Queen was criticized on the 
basis of a passage in Genesis 3 : 16 (In sorrow thou shalt bring forth thy children); 
Simpson retorted that the first surgical operation of record, when " the Lord caused 
a deep sleep to fall upon Adam,” was performed under surgical anesthesia. 

The inhalation anesthetics, such as chloroform and ether, are physiologically 
active, not by virtue of any chemical reaction with the protoplasm, for they are 
excreted unchanged; rather they act by the physical and colloidal changes produced 
in the lipoids of the nerve tissue when they are dissolved in the fats. In compounds 
of this type the physiological activity is proportional to the solubility in oil to the 
solubility in water ratio. This is known as the Meyer-Overton theory, see page 683. 

-^Chloroform has many disadvantages as a general anesthetic. It has 
a depressant action on the heart and respiratory center, causes renal 
irritation and depletion of the alkali reserve (bicarbonate) of the blood, 
etc. Consequently, it has been replaced to a considerable extent by 
other general anesthetics. 

It is used in the form of a saturated aqueous solution and in spirit of 
chloroform as a hypnotic and flavor, in troches and lozenges as a cough 
sedative, and externally in liniments as a counterirritant. 

Carbon Tetrachloride, N.F. (Tetrachloromethane), CC1 4 , b.p. 76-78°, 
is manufactured by the action of chlorine upon carbon disulfide, a trace 
of iodine being used as catalyst, 


CS 2 + 3C1 2 


CC1 4 + S 2 C1 2 
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It is prepared commercially from the elements according to the follow¬ 
ing equations: 

C + 2S —>- CS 2 
CS 2 + 3C1 2 —► CC1 4 + S 2 C1 2 
CS 2 + 2S 2 C1 2 —> CCU + 6S 

Carbon tetrachloride is a colorless, mobile liquid having a charac¬ 
teristic odor quite similar to that of chloroform. It is practically in¬ 
soluble (1: 2000) in water, and miscible with alcohol, chloroform, ether, 
benzene, and practically all organic solvents. It is a good solvent for 
fixed and volatile oils. It is widely used as a solvent. It is nonflam¬ 
mable, and because of its heavy vapors it is finding wide use in fire extin¬ 
guishers. However, its disadvantage as a fire extinguisher, especially in 
confined quarters and a large flame, is the fact that it forms poisonous 
phosgene, COCl 2 . Carbon tetrachloride also possesses anesthetic prop¬ 
erties just as does chloroform, but the very narrow margin between the 
effective and toxic doses makes its use dangerous. This compound is 
a very effective and inexpensive agent for the treatment of hookworm; 
a single dose of 3-5 cc. followed by purging has proved highly effective. 
Although the anthelmintic dose is much less than the ordinary toxic 
dose following oral administration, some danger is connected with its 
use. If it is absorbed, it produces liver necrosis and kidney damage, 
especially if the patient suffers from calcium deficiency. 

Ethyl Chloride, U.S.P., N.N.R. (Monochloroethane, Kelcne), was 
first tried on animals in 1847 and in the following year was used surgi¬ 
cally by Heyfelder; then it lay neglected until 1895. It is prepared by 
passing dry hydrogen chloride gas into absolute alcohol containing 
anhydrous zinc chloride or calcium chloride or some other dehydrating 
agent to take up the water formed and cause the reaction to proceed 
toward completion. 

CH 3 CH 2 OH + HC1 —>• CH 3 CH 2 C1 + H 2 0 

The ethyl chloride which distils continuously is liquefied and marketed 
in hermetically sealed containers. 

Ethyl chloride is a colorless gas at ordinary temperatures, but it can 
be condensed to a colorless, mobile, very volatile liquid at low tempera¬ 
tures or under pressure, b.p. 12-13°. It is slightly soluble in water and 
is readily soluble in alcohol or ether. 

Ethyl chloride is employed to some extent as an external local anes¬ 
thetic. A stream of it is directed onto tissue surfaces rapidly enough to 
freeze the tissue, thus causing temporary insensitiveness to pain. 

All the alkyl halides, especially all chloro and bromo derivatives, that 
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boil between 25° and 50° act as narcotics. Ethyl chloride mixed with 
ethyl bromide has been used as an anesthetic under the names of Narco¬ 
form and Somnoform. 

Other members of the halogenated hydrocarbon series, although 
possessing narcotic activity akin to that of chloroform, are not used 
medicinally because of their unfavorable side reactions. In fact, even 
chloroform is losing favor among anesthetists because of its deleterious 
action on the heart. 

Ethylene Chloride (1,2-Dichloroethane), CH 2 C1—CH,C1, has anes¬ 
thetic activity resembling that of chloroform, but it has been reported 
that, 10 to 12 hr. after narcosis, a corneal film appears which persists for 
several months. It is extensively used as a solvent for fats and as a 
spotting agent in dry cleaning. 

Ethylidene Chloride (1,1-Dichloroethane), CH,—CHC1 2 , is reported 
to produce rapid induction and rapid recovery when used as an anesthetic 
but it produces also an unfavorable effect on the heart. 

Methylchloroform, CHjCClj, compares favorably with other anthel¬ 
mintics for dogs. A dose of 0.1 ml. per pound is adequate for the removal 
of ascaris; a dose of 0.3 ml. is necessary for the removal of hookworms. 1 

Trichloroethylene, U.S.P., N.N.R. (1,1,2-Trichloroethene), CHC1= 
CC1 2 , made by passing tetrachloroethane over pumice at 400-500°, with 
the removal of the elements of HC1, is a very stable compound, b.p. 
88°. Its properties are similar to those of chloroform. It has been used 
to a limited extent as an anesthetic by inhalation. In the liquid state, 
it is very irritant to mucous surfaces. It is peculiar in that it seems 
to exercise a highly selective and strong anesthetic action on the tri¬ 
geminal nerve. These properties have led to its use in trigeminal 
neuralgia. 

Tetrachloroethylene, U.S.P., N.N.R. (Ethylene Tetrachloride, Per- 
chloroethylene), CC1*=CC1 2 , with trichloroethylene is prepared from 
acetylene. Acetylene is allowed to react with chlorine to form tetra¬ 
chloroethane. This chlorination reaction is preferably carried out in 
the presence of some carrier, e.g., antimony pentachloride, which over¬ 
comes the explosion hazard of working with acetylene. Treatment of 
tetrachloroethane with lime forms trichloroethylene. This may be con¬ 
verted into pentachloroethane, which in turn, on treatment with lime, 
forms tetrachloroethylene. 

It is a nonflammable, relatively unstable liquid, b.p. 120.8°, which 
like chloroform may give rise to phosgene on decomposition upon 
exposure to air, moisture, and light. It is insoluble in water and soluble 
in most organic solvents. 

1 Enzie, Proc. Helminlhol. Soc. Wash., D.C., 12, 24 (1945). 



CHLORINE COMPOUNDS 


63 


This compound was discovered by Hall and Shillinger 1 to be equally 
if not more effective against hookworms than carbon tetrachloride. It 
is considered less toxic than carbon tetrachloride. Tetrachloroethylene 
is usually administered in soft gelatin capsules. 

Hexachlorocyclohexane (BHC, “ 666 ”), C.H 6 C1., is a recently dis¬ 
covered insecticide of considerable promise. It is prepared on an indus¬ 
trial scale by the procedure employed by Faraday in 1825, when, he 
first synthesized the compound, viz., by the addition of chlorine to 
benzene under the influence of actinic light: 

CjH* + 3Clj —^ CtHcCU 

Cis-trans isomers are obtained, of which four have been isolated and 
characterized: a-“ 666 ,” m.p. 158°; 0-“ 666 ,” m.p. 309°; y-“ 666 ,” 
m .p. 112.5°; and 6 -“ G66,” m.p. 138.5°. These compounds are re¬ 
markably stable, may be crystallized from hot concentrated nitric acid, 
but may be decomposed into trichlorobenzene by means of alkali. 
Only the 7 -isomer, also known as g ammexan e, is toxic toward insects, 
and it promises to be valuable in combating cockroaches. By the con¬ 
ventional synthesis only 12 per cent of the product is the active 7 -isomer; 
it is contaminated with a by-product having a musty odor; a refining 
process removes most of the objectionable odor and at the same time 
increases the concentration of the active component to 22 per cent . 2 
The 7 -isomer is most toxic, 86 mg. per kg. orally to mice; the other 
isomers are i to g\j as toxic . 3 

Chlorinated Paraffin, N.F. (Chlorocosane), is a thick oily liquid used 
as solvent for dichloramine-T. Chlorinated paraffins of high molecular 
weight are used pharmaceutically for their physical properties and not 
because they possess any particular physiological activity. 

A chlorinated turpentine, known as “ SK ” in Russia, is mixed in con¬ 
centrations of 10 to 20 per cent with an inert powder such as talc and 
thus employed as a “ lousicidal ” agent . 4 

Anthelmintic Activity 

An extensive series of experiments was carried out by Wright and 
Schaffer , 6 - 6 who attempted to correlate anthelmintic activity with the 
chemical constitution and physical properties of the compounds n-propyl 

1 North Am. Veterinarian, 6, 41 (1925). 

* Binder, J. Chem. Education, 23, 285 (1946); Chem. Eng. News, 25, 1744 (1947). 

5 Woodward and Hagen, Federation Proc., 6, 386 (1947). 

4 Hastings and Shimkin, Science, 103, 639 (1946). 

'J. Parasitol., 16, 107 (1929); 18, 44 (1931). 

6 Am. J. Hyg., 16, 325 (1932). 
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chloride, T^butyl chloride, n-amyl chloride, n-hexyl chloride, 2-chloro- 
butane, 2-chloropentane, 3-chIoropentane, tert -amyl chloride, ethylidene 
chloride, n-butylidene chloride, propylene chloride, trimethylene chloride, 
amylene dichlorides, 1,2,3-trichloropropane, trichloroethane, s-tetrachlo- 
roethane, pentachloroethane, and trichloroethylene. They found that 
correlations between activity, structure, and properties were not always 
clear. Certain conclusions may be drawn from their work, namely: 
(1) Increase in the length of the carbon chain (a) in n-monochloro 
compounds does not lead to a progressive increase or decrease in activity 
but n-hexyl chloride is more effective than n-amyl chloride; (6) in 
secondary monochloro compounds the activity increases, e.g., 2-chloro¬ 
pentane is almost five times as effective as 2-chlorobutane in removing 
lookworms from dogs; (c) in n-dichloro compounds with two chlorine 
atoms on the terminal carbon, the activity increases. (2) Content and 
distribution of chlorine atoms in the molecule: (a) addition of a chlorine 
atom to a carbon holding one or more chlorine atoms does not lead 
always to increased activity; (6) increase in the chlorine content of the 
molecule does not have a constant influence on activity; (c) isomeric 
compounds differ greatly in activity. (3) Water solubility: (a) opti¬ 
mum activity is given by compounds having a water solubility within 
the range between 1: 5300 and 1:1250; (6) compounds more soluble 
than 1:1000 in water have little anthelmintic activity; (c) water 
solubility is the factor most definitely associated with the anthelmintic 
activity in the halogenated hydrocarbons. (4) There is no correlation 
between anthelmintic action on hookworms and ascarides. 

Iodo and bromo compounds were found to be more irritant to the 
gastrointestinal tract than the corresponding chloro compounds. The 
effectiveness of the iodo and bromo compounds is influenced also by 
their water solubility, the optimum effect being obtained with those 
soluble 1:1700 to 1:1000. 

BROMINE AND IODINE COMPOUNDS 

The bromo and iodo derivatives of the hydrocarbons are not used 
extensively as medicinal agents. 

Methyl Bromide, CH 3 Br, was first used as a fumigant in France in 
1932. It is a gas, at ordinary temperature, b.p. 4.5°, which readily 
penetrates to all surfaces being treated. It is not harmful to plants 
and may be used to fumigate clothing, vegetables, plants, dried fruits, 
seeds, grain, etc. It is toxic to many pests and has been used for their 
control, e.g., lice, root-knot nematodes, red spiders, the larvae of Cydia 
nwlesla and Carpocapsa pomonella, and certain species of scale insects. 



BROMINE AND IODINE COMPOUNDS 


65 


Ethyl Bromide, CH 3 CH 2 Br, b.p. 38^0°, closely resembles ethyl 
chloride in its properties. It has been used as an anesthetic by inhala¬ 
tion but chiefly as a local anesthetic in the form of a spray for minor 
surgery and neuralgic pain. 

Bromoform (Tribromomethane), CHBr 3 , closely resembles chloroform 
in properties and activity but since it is much less volatile, b.p. 148-150°, 
it is not suited for use as a general anesthetic. In the past, it was used 
as a sedative in whooping cough, seasickness, asthma, etc., but more 
effective sedative agents have replaced it. 

Methyl Iodide, CH 3 I, has been used successfully in fumigating against 
various insects but it is too expensive to be practical for such purposes. 

Iodoform, N.F. (Triiodomethane), CHI 3 , was discovered by Serullas 
in 1822. Its constitution was established by Dumas, who, unlike his 
predecessors, did not overlook the small amount (0.25 per cent) of 
hydrogen present. 

Iodoform is usually prepared in the laboratory by heating ethyl 
alcohol or acetone with a solution of sodium hypoiodite (iodine dissolved 
in sufficient alkali hydroxide or carbonate to decolorize the iodine). 

CH 3 CH 2 OH + 81 + 6NaOH —► CHI 3 + HCOONa + 5NaI + H 2 0 

This reaction is so delicate that yellow crystals having the charac¬ 
teristic iodoform odor are obtainable (on standing 12 hr.) from alcohol, 
acetone, isopropyl alcohol, acetaldehyde, and most compounds con¬ 
taining the CHj—CO— group in dilutions of about 1 to 20,000 when 
concentrations of reagents are controlled. Methyl alcohol does not give 
this reaction, and so this test provides a method of distinguishing 
between methyl and ethyl alcohol. 

Industrially, iodoform is made by the electrolysis of a solution con¬ 
taining alcohol, alkali, iodides, and carbonates. Free iodine is formed 
at the anode and reacts with the carbonate and alcohol. 

Pure iodoform crystallizes in small, glistening, hexagonal, yellow 
plates having a very characteristic persistent odor. It melts at about 
115°, sublimes readily, and is volatile with steam. It is practically in¬ 
soluble in cold water, slightly soluble in alcohol, and readily soluble in 
chloroform and ether. 

Iodoform is used as an antiseptic in the form of a dusting powder for 
wounds, in suppositories, etc. Its antiseptic value is thought to be 
dependent upon the liberation of iodine by proteins and acids. Because 
of the disagreeable odor of iodoform, it has been largely replaced by 
other medicinal agents. 
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HALOGENATED AROMATIC HYDROCARBONS 

Halogen derivatives of aromatic hydrocarbons are varied in character. 
Distinction is to be made between those compounds in which the halogen 
is substituted in the aromatic nucleus and those in which the halogen 
may be located in the nonaromatic portion of the molecule. The 
halogen attached to the nuclear carbon atom is bound much more firmly 
than a halogen substituted in an aliphatic molecule; hence, the chloro- 
toluenes are very stable; benzyl chloride, on the other hand, shows 
properties not unlike those of the alkyl chlorides. Nevertheless, aryl 
halides give reactions that are typical for the alkyl halides, such as: 

1. With magnesium chlorobenzene will form the Grignard reagent, 
C 6 H 6 —Mg—Cl. Bromobenzene and iodobenzene form the Grignard 
reagent even more easily. The resulting compounds react in a manner 
characteristic of the Grignard derivatives. 

2. When chlorobenzene is fused with alkali, under appropriate condi¬ 
tions, the chlorine may be replaced by an hydroxyl group, giving phenol. 
This is a commercial procedure for the synthesis of phenol. 


Preparation 


Aromatic halogenated hydrocarbons may be prepared in several ways: 


(a) Direct substitution. The hydrocarbon is allowed to react with the free 
halogen, usually in the presence of some carrier, such as iodine, phosphorus, iron, 
etc. 

An alkylbenzene, treated with free chlorine or bromine in the absence of 
direct sunlight, forms a ring substituted compound. If the halogen is intro¬ 
duced into a hot or boiling hydrocarbon or if the reaction is carried out in direct 
sunlight or presence of some other strong light, the entering halogen atom takes 
its place exclusively in the side chain. When toluene reacts with chlorine the 
products are successively benzyl chloride, benzal chloride, and benzotrichloride, 


C»H S —CHj —> C,Hj-CH 2 C1 —► 

Toluene Benzyl chloride 


C,H*-CHClj —C.EU-CCU 

Benzal chloride 

tnchlonde 


Benzal chloride serves as an intermediate in the preparation of benzaldehyde; 
benzotrichloride is an intermediate in the production of benzoic acid from 
toluene. 

C,H S -CHC1 2 ^ C«H S —CHO + 2HC1 

2HOH 

C 6 H S —CC1 3 —► C,H S —COOH + 3HC1 

(6) The Sandmeyer-Gatterman reaction: This synthesis depends on the 
conversion of a diazotized aromatic amine into the corresponding halogen 
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derivative, 

Ar—NH, —>- Ar—NjX N 2 + Ar-X 

« 

This procedure is appropriate for the preparation of the iodo derivatives. 

Physiological Activity 

Halogenated aromatic compounds exhibit no anesthetic or narcotic 
activity. Chlorobenzene is much more toxic than benzene. p-Chloro- 
toluene is much more toxic than toluene or m- or o-chlorotoluene. The 
introduction of a chlorine or bromine atom into the side chain as in 
toluene or xylene forms lachrymatory substances, e.g., benzyl bromide. 
An increase in the number of halogen atoms in the benzene ring decreases 
the activity and toxicity, probably because of decreased solubility. 
Thus 1,4-dichlorobenzene and 1,3,5-trichlorobenzene are relatively non- 
toxic. They are somewhat irritant and have some antiseptic activity. 

Dichloricide (p-Dichlorobenzene), m.p. 53°, b.p. 174°, is a white, 
crystalline solid of characteristic odor. It is insoluble in water and 
readily soluble in organic solvents. It is used in veterinary medicine 
in the form of ointments to treat itch and in solution to spray on wounds 
as an antiseptic, and to kill lice and other vermin. It is extensively 
used to destroy moths and their larvae, to preserve furs and woolen 
goods from attack by insects, and to kill roaches, peach-tree borers, etc. 
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p-Dichloro benzene 

9,9-Dibromofluorene 

DDT 


9,9-Dibromofluorene is a severe irritant, producing itching and 
eruption of the skin. The symptoms are relieved by benadryl. 1 

DDT (Dichlorodipheny ltrichloroethane, 1,1,1 -T richloro-2,2- ( bis-p - 
chlorophenyl)ethane), m.p., 108-109°, was first prepared in 1874. 2 Its 
remarkable insecticidal activity was not disclosed, however, until the 
appearance in 1942 of the proprietary products Gesarol and Neocid, 
both of which were powerful contact and stomach poisons owing to 
their DDT content. 3 

1 Sampey, King, Roc, and Childress, Science, 105, 621 (1947). 

* Zeidler, Ber., 7, 118 (1874). 

3 Langer el ai, Helv. Chim. Acta, 27, 892 (1944). 
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Technical DDT, obtained by condensing chlorobenzene and chloral 
in fuming sulfuric acid, contains about 75 per cent pure DDT along with 
substantial amounts of the less active o,o'- and o,p'-isomers. The tech¬ 
nical product has a mild, pleasant odor and a setting point of approxi¬ 
mately 90°. The technical powder in 2 to 10 per cent concentrations is 
used as a spray in petroleum solvents. It is further purified for use in 
aerosol bombs in which liquefied “ Freon ” serves as the solvent and 
propellant. DDT is also available in the form of dispersible powders. 

DDT is practically insoluble in water, slightly soluble in the lower 
alcohols, moderately soluble in aliphatic hydrocarbons, but freely soluble 
in aromatic hydrocarbons, halogenated hydrocarbons, ketones, ethers, 
and esters. It is a stable compound, but in the presence of an alkali or 
an iron catalyst it readily loses a molecule of hydrogen chloride from the 
ethane residue to give l,l-dichloro-2,2-di-(p-chlorophenyl)ethylene, a 
compound having little insecticidal activity. A nitric-sulfuric acid mix¬ 
ture converts DDT to 3,3'-dinitro-DDT and 3,3',5,5'-tetranitro-DDT. 
Chromium trioxide oxidizes DDT to p,p'-dichlorobenzophenone, a reac¬ 
tion on which the establishment of its formula rests. 

The chemical stability of DDT gives it a high residual effect against 
insects, especially the members of the Diplera and Hymcnoptera orders. 
Its immediate knockdown power, however, is less than that of the 
pyrethrins. Its lethal concentrations for insect larvae and fish are of 
the order of one part in ten million parts of water. DDT is compara¬ 
tively inactive against Protozoa, worms, and most vegetation with the 
exceptions of melons and grapes. The lethal dose of DDT for warm¬ 
blooded animals varies from 150 to 300 mg. per kg. The principal 
metabolite in warm-blooded animals is di(p-chlorophenyl) acetic acid. 

DDT is a nerve poison, but the exact mechanism by which it para¬ 
lyzes and kills insects has not been elucidated. It is thought that the 
toxic centers lie in the ring halogens and that the trichlorinated carbon 
atom provides the necessary affinity for the tissues of the nervous 
system on which the compound acts. 

Most alterations in the DDT structure and attempts to prepare 
chemically related compounds have resulted in a lowering of the insec¬ 
ticidal activity. The activities of some derivatives of the type formula 
(p)R—C«H 6 —Y—C«H6—R' (p') are indicated in Table 9. 

The high activity, and the favorable differential in the toxicity of the 
p,p'-difluoro derivative for mosquito larvae and fish, as compared to 
that of DDT, have aroused some interest in this analog as a spraying 
material for large bodies of water having valuable fish populations. 
The knockdown power of the lower alkoxy analogs of DDT is marked, 
a property which becomes highly significant in view of the possible 
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TABLE 9 

Activities of Some DDT Analogs 


Symmetrical Disubstituted Derivatives 


R 

R' 

Y 

Activity 

Cl 

Cl 

CCL—CH 
■ 

+ + + + + 

F 

F 


+ + + + + 

Br 

Br 

u 

+ + + 

I 

I 

it 

+ + + 

H 

H 

u 

+ 

CH,— 

CH,— 

« 

+ + 

CHi—CHj— 

CH,CHa— 

M 

+ + 

CHjCHjCH*— 

CH,CH,CH*— 

M 

+ 

OH 

OH 

u 

— 

-OCH, 

—OCHa 

a 

+ + + 

-OCH a CH, 

—OCHaCH, 

u 

+ + + 

—OCHaCHaCH, 

—OCH,CH,CH, 

ii 

— 

CH»COO— 

CH,COO— 

ii 

— 


Unsymmctrical Substituted Derivatives 


H 

Cl 

ii 

+ 

CH, 

Cl 

ii 

+ + 

H 

—CO—CH, 

ii 

— 


Derivatives with Alterations in Bridge 


Cl 

Cl 

1 

CHCl* — CH 

1 

ii 

+ + 

F 

F 

+ + + 

Br 

Br 

ii 

+ 

CH,- 

CH,— 

ii 

+ + + 

-OCH, 

—OCH, 

ii 

+ + 

H 

H 

ii 

i 

CHCl,—CC1 

1 

+ 

Cl 

Cl 

+ + + 

Cl 

Cl 

1 

CClr-C—Cl 

1 

— 

Cl 

Cl 

1 

CCla=C 

1 

+ + + 

Cl 

Cl 

1 

CF, — CH 

1 

— 

Cl 

Cl 

1 

CBr,CH 

1 

+ + + + 

Cl 

Cl 

1 

CH 2 =CHC — H 

1 

+ 
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shortage and costs of pyrethrum and rotenone-bearing roots. Some of 
the derivatives patterned after DDT involving the introduction of un¬ 
saturated linkages, nitro groups, and ether linkages in the bridge portion 
of the molecule are highly active insecticides but somewhat too specific 
in their action for general use. 

The high potency, wide applicability, and low cost of DDT make it 
a compound for which it is difficult to provide a competitive product, 
especially where it is used on a large scale. 
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CHAPTER III 

HYDROXYL DERIVATIVES OF HYDROCARBONS 

ALCOHOLS 

Early chemists looked upon alcohols as alkyl hydroxides, analogous 
to the metallic hydroxides. To a limited extent there is some parallel¬ 
ism, but the properties of alcohols and their names are better appreciated 
if they are considered hydroxyl-substituted hydrocarbons. This may 
be seen by referring to Tables 10, 11, and 12. 

Preparation 

The chief methods for the formation of the aliphatic alcohols include 
the following: 

1. Hydrolysis of esters. 

R-O—CO-R' + HOH —> ROH + HO-CO-R' 

This method is of limited application. As a general rule esters are syn¬ 
thesized from alcohols and acids, especially from the more readily available 
alcohols. However, some esters are found abundantly in nature, and their 
hydrolysis forms an important source of the alcohols, e.g., 

(а) Natural waxes, which on hydrolysis yield higher alcohols, like cetyl 
C 15 H 31 —CH 2 OH and myricyl C 29 H 6 *— CH 2 OH alcohols, etc. 

( б ) Fats, which on hydrolysis yield fatty acids and glycerol. 

CHr-O—CO—R CH 2 OH 

I I 

CH—O— CO— R + 3HOH —► CHOH + 3R—COOH 

I I 

CH 2 —O—CO—R CH 2 OH 

Of particular interest is the hydrolysis of the monoalkyl sulfates, 
described under 7. 

2. Destructive distillation of wood. This method is of use primarily in the 
manufacture of methyl alcohol and, until the introduction of synthetic 
methanol, was the only practical source; hence the name wood alcohol. 

3. Fermentation. Some aliphatic alcohols may be produced by fermentation; 
the lowest member thus prepared is ethanol, which is also the most im¬ 
portant. Higher homologs obtained by fermentation procedures are pro¬ 
panol, butanol, and several of the pentanols. 
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4. Hydrolysis of alkyl halides. Alkyl halides may be considered as esters of 
alcohols and the hydrohalogen acids, and therefore the general statements 
made under 1 are applicable here. 

The hydrolysis of chloropentanes has become an important industrial 
process for the preparation of the amyl alcohols. Pentane from crude 
natural gas is chlorinated in iron tubes at 300° C. to give chloropentanes 
which are then hydrolyzed with aqueous caustic soda. 


TABLE 10 

Normal Primary Alcohols 


Boiling 

Point 



117.7 
137.9 

155.8 

175.8 


231 

146,o 

259 

167,, 

344 


Melting 
Point 
>C. 


-97.8 

-117.3 


-89.8 

-78.5 

-51.6 

-34.6 

-16.3 

-5 


24 

38 

49.3 


Specific 

Gravity 


0.792 at 20° 

0.789 at 20° 

0.804 at 20° 

0.8098 at 20° 
0.817 at 20° 
0.820 at 20° 
0.822 at 20° 

0.827 at 20° 

0.828 at 20° 

0.829 at 20° 
0.833 at 23° 

0.831 at 29° 

0.824 at 33° 

0.789 at 78.9° 
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TABLE 11 


Isomeric Amyl Alcohols 




wfSm 5 

Boiling 


Structure 

Name 

mm 

Point 

°C. 


CHj(CHi)jCHiOH 

Amyl alcohol, 1-pentanol, 

i— 

137.9 

0.817 

n-butylcarbinol 

-78.5 

CHjCHCHjCHtOH 

Isoamyl alcohol, 3-methyl- 




1-butanol, isobutyl- 



0.812 

CH, 

carbinol 

-117.2 

130.5 

CHiCHiCHCHaOH 

2-Methy 1-1 -butanol, sec- 


128 

0 816 

1 

butylcarbinol 

— 

CH, 





CH,CH a CH,CHOH 

2-Pentanol, n-propyl- 


119.5 

0 809 

methylcarbinol 

— 

CH, 





CH,CHCHOH 

3-Methyl-2-butanol, iso- 



0.819 

1 1 

II,C CH, 

propylmcthylcarbinol 


114 


CHaCH, 

3-Pentanol, dicthyl- 




1 

carbinol 

— 

115 6 

0.81526 

CH,CH,CHOH 





CH, 





\ 

ter*-Amyl alcohol, di- 




CH,—COH 

methylethylcarbinol, 




/ 

2-methyl-2-butanol 

-119 

101.8 


CaH, 

Neopentyl alcohol, 



M 

(CH,),CCH a OH 

2 , 2 -dimethyl-l-propanol 

53 

114 

E2H 


Alkyl halides with moist silver oxide react according to the equation: 

RX + AgOH —>■ ROH + AgX 

This procedure is primarily employed in research where precious or rare 
intermediates are involved or when a mild reaction is desired in order 
to replace a halogen atom with a hydroxyl group. 

5. Conversion of primary amines into the corresponding alcohols by treatment 
with nitrous acid. This reaction is discussed at greater length under 
Amines, page 312. 

R—NH 2 + HONO —► ROH + HOH + N 2 
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6 . Reduction of aldehydes, ketones, or acids. These reduction procedures are 
becoming increasingly important for the preparation of alcohols which are 
not readily available from other sources. 

(а) Reduction of aldehydes leads to the formation of primary alcohols: 

R—CHO + H 2 —► R—CH 2 OH 

(б) Reduction of ketones yields secondary alcohols: 

R—CO—R' + H 2 —► R—CHOH—R' 

Aldehydes and ketones may be reduced by catalytic means or by chem¬ 
ical means, e.g., with sodium in alcohol. 

(c) Reduction of carboxylic acids forms primary alcohols. As a rule it is 
the ester rather than the free acid which is subjected to catalytic hydro¬ 
genation : 

R—CO—OR' + 2H 2 —► R—CH 2 OH + R'OH 

This reaction has come into considerable prominence as applied to those 
acids which are available and where the corresponding alcohols are rare 
or not at all available; this is especially true for the synthesis of the Ci 2 , 
Cm, Ci8 , etc., alcohols. These higher alcohols may be converted into 
esters of the type RO—SO*—ONa, which are used as wetting agents and 
detergents. 

(d) A special reduction of aldehydes or ketones is that developed by Meer- 
wein and co-workers, by the use of aluminum alkoxides, according to the 
equation: 

R—CHO + Al(OCHR' 2 ) 3 —► R—CH 2 OH + R' 2 CO 

This reaction is especially applicable and useful for the reduction of 
unsaturated aldehydes to the corresponding unsaturated alcohols. 1 
Oppenauer 2 has adapted this reaction in such manner that alcohols may 
be oxidized to the corresponding ketones. Thus, with aluminum 
tertiary butoxide in the presence of cholesterol, the aluminum alkoxide 
with cholesterol is formed; this in the presence of a ketone such as 
acetone forms isopropyl alcohol, and the cholesterol is oxidized to 
cholestenone, the ketone corresponding to cholesterol. 

7 . Hydration of ethylenic linkages. For example, ethylene in the presence of 
mercuric salts reacts according to the equation: 

CH2=CH 2 + HOH —► CHj—CH 2 OH 

1 For an excellent study of the oxidation-reduction activities of such systems see 
Adkins and Cox, J. Am. Chem. Soc., 60, 1151 (1938). 

* Rec. trav. chim., 56, 137 (1937). 
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Another type of addition is illustrated by the reactions: 

R R" R 

\ / \ HOH 

C=C + H— OSO3H —> C—CH 2 R —► 

/ \ /I 

R' H R' 0S0 3 H 

R 

\ 

R'-COH + H*S0 4 

/ 

R #/ —CH 2 

This reaction is especially valuable for the synthesis of alcohols from the 
unsaturated hydrocarbons, which are now readily available from the crack¬ 
ing of petroleum. In 1930 (erf-butyl alcohol was a rare chemical; now it 
may be prepared in quantity from isobutylene by the steps indicated. 

An unsaturated bond in the presence of aqueous permanganate reacts 
to form glycols: 

R' R" R' R" 

X =* < 

R R "' R OH HO R '" 

This reaction is of particular importance in degradation and analytical reac¬ 
tions with unknown compounds to establish the position of the double bond. 

8. The Grignard reagent. 

(a) An alkyl magnesium halide with formaldehyde forms a primary alcohol: 

RMgX + HCHO —> RCH 2 O—MgX R—CHj—OH + Mg(OH)X 

( b) With higher aldehydes, the Grignard reagent will form secondary 
alcohols: 

R 

\ HOH 

RMgX + R'-CHO —> pCHO-MgX —► R-CHOH-R' + Mg(OH)X 

R' 


(c) From ketones the products are tertiary alcohols: 


R—MgX + R'—CO—R" 


R' 

I 

R—CO—MgX 

I 

R" 


R 

R'^COH 

R" 


+.Mg(OH)X 
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( d ) Lithium aluminum hydride, LiAlH 4 , may be looked upon as a “ hydro¬ 
gen Grignard it reduces aldehydes to primary alcohols, ketones to 
secondary alcohols, and esters to primary alcohols. 

9. Acetylenic alcohols. Ketones condense with acetylene in the presence of 
heavy metals, forming the corresponding ethynylcarbinols. 1 

R R C=CH 



10. From ethylene oxide. With alcohols, ethylene oxide forms alkoxyethanols 
known as Cellosolves. These in turn can add ethylene oxide to give alkoxy- 
ethoxyethanols known as Carbitols. Similarly, with water, ethylene oxide 
gives ethylene glycol, and with ammonia it gives ethanolamine. With 
Grignard reagents, it gives primary alcohols; thus 0-phenylethanol used in 
synthetic rose oil is made on a large scale from phenylmagnesium chloride. 

11. Hydrogenation of carbon monoxide. The passage of carbon monoxide and 
hydrogen over a catalyst such as zinc chromite at temperatures from 300° 
to 450° C. is done on a large scale for the production of methanol. Accord¬ 
ing to the conditions, it gives also ethanol, propanol, butanol, isobutanol, 
and smaller amounts of higher alcohols. 

Properties 

The melting points, boiling points, and specific gravities of the primary 
normal alcohols are given in Table 10. The hydroxyl is a solubilizing 
group; hence, the lower members of the series are soluble in water and 
the solubility decreases as the length of the carbon chain increases. 
The propyl alcohols are completely soluble in water in all proportions. 

1-Butanol is soluble less than 10 per cent, but branching of the chain 
increases the solubility slightly, for isobutyl alcohol is somewhat more 
soluble. 2-Butanol is soluble more than 25 per cent and ferf-butyl 
alcohol is completely soluble in water in all proportions. As a general 
rule, secondary alcohols are more soluble than the corresponding primary 
alcohols, and the tertiary are more soluble than secondary alcohols. 
A primary hydroxyl group increases the boiling point to a greater extent 
than does a secondary or tertiary; secondary alcohols usually have 
lower boiling points and higher melting points than the primary alcohols. 
The tertiary alcohols boil lower and usually melt higher than the isomeric 
secondary alcohols. Branched-chain primary alcohols boil at a lower 
temperature than the isomeric normal chain primary alcohols. Indi¬ 
cations to this effect are found in Tables 11 and 12. 

1 Reppe and Keyssner, Germ. pat. 740,987; C.A., 40, 589 (1946). 
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TABLE 12 

Isomeric Butyl Alcohols 


Formula 

Name 


E3 

Specific 
Gravity 
at 20° 

CHjCHjCHjCHjOH 

n-Butyl alcohol, 1-butanol, 
propylcarbinol 


117.7 

0.810 

(CHi)jCHCHiOH 

Isobutyl alcohol, 2-methyl- 
1-propanol, isopropyl¬ 
carbinol 


107.3 

0.802 

CH^HjCHOH 

1 

scc-Butyl alcohol, 

2-butanol 


99.5 

0.808 

CH, 

(CHj)»COH 

/erl-Butyl alcohol, tri- 
methylcarbinol 

25.5 

82.8 

0.789 


The entry of the alcoholic hydroxyl group into a hydrocarbon confers 
on the molecule properties that are, in some respects, quite analogous 
to those of water, for example: 

1. Alcohols are neutral in chemical reaction. 

2. They combine with many salts to form “ alcohol of crystallization,” e.g., 

CaCMMeOH, PtCl 4 -2EtOH, MgCUMeOH 

3. Alcohols, like water, react with metals such as sodium, potassium, magnesium, 
aluminum, etc., to liberate hydrogen and form the corresponding alkoxides, 

2ROH + 2Na —► 2RONa + H 2 

Additional chemical properties of the alcohols as a class are exemplified 
in the reactions: 

4. They will react with acids to form esters: 

(а) ROH + R'-COOH —> R'—COOR + HOH 

( б ) ROH + H 2 S0 4 —> RHSO 4 + HOH 

(c) ROH + HX—> RX + HOH 

Alkyl halides are, in a sense, esters of the hydrohalic acids. 

5. Dehydration produces olefins. See page 10. 

6. Primary and secondary alcohols may be easily oxidized, but tertiary alcohols 
are quite resistant to oxidation. 

(а) Primary alcohols are oxidized first to aldehydes, then to acids, without 
disruption or damage to the carbon chain. 

(б) Secondary alcohols may be readily oxidized to ketones without loss of 
carbon-chain length. Further oxidation, which is more difficult, breaks 
the carbon chain. 

(c) Tertiary alcohols may not be oxidized without breaking the carbon 
skeleton. 
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Physiological Activity 

The physiological effects produced by the hydroxyl group may be 
summarized under the following headings: 

1. Confers sweetness. This effect is not appreciably apparent in the 

monohydric alcohols, but, as the number of hydroxyl groups in a mole¬ 
cule increases, this property becomes more pronounced. Thus ethylene 
glycol, CH 2 OH—CH 2 OH, is slightly sweet; glycerol is definitely so; 
mannitol (hexahydroxyhexane) is almost sugarlike; all the sugars are 
polyhydric compounds. < 

2. The physiological activity of the alcohols is much more diverse than 
that of the hydrocarbons from which they are derived. Comparison is 
difficult for the lower members since the hydrocarbons are gases and 
are administered by inhalation, whereas the alcohols are liquid and are 
administered by mouth as liquids. The alcohols are poisons to the 
nerve cells and it has been established that the simpler members influence 
practically all nerve processes. 

The action of ethyl alcohol has been studied extensively and its various 
actions are: (a) An antiseptic and a hardening action on the tissues. 
(6) Lowering of body temperature especially in alcohol poisoning, 
(c) Deposition of a thick mucous deposit upon the gastric mucosa in 
chronic alcoholism which impairs digestive functions. ( d) Action on 
the central nervous system causing excitation followed by depression; 
the higher brain centers are affected first. In acute cases of alcohol 
poisoning, stupor may be followed by death, (e) Individuals vary 
greatly in their resistance to the narcotic effects of alcohol. 

Except for quantitative differences, the other alcohols appear to have 
the same type of activity as ethyl alcohol. It has been reported that the 
administration of homologous normal alcohols to rabbits and to dogs 
gives the results shown in Table 13. 


TABLE 13 


Alcohol 

Dose, 

g- 

Effect on 
Rabbits 

Relative Toxicity 
in Equimolar 
Solution 

Relative 

Toxicity 

M.L.D.* 

g/kg., 

Dog 

Methyl 

6-12 

None 

1 

1.0 

9.0 

Ethyl 

7 

Intoxication 

3 

1.2 

7.4 

Ethyl 

12 

Sleep 

— 

— 

— 

Propyl 

12 

Fatal, 5 hr. 

18 

2.6 

3.5 

Butyl 

3 

Intoxication 

36 


2.4 

Butyl 

7 

Narcosis and death 

— 


— 

Amyl 

2 

Half sleep 

120 


1.95 


• M.L.D. — Minimum lethal dose. 
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It may be concluded, on the basis of available data, that the toxicities 
and activities of the normal primary alcohols increase with increase in 
the length of the carbon chain to from 6 to 8 carbon atoms and then 
decrease until alcohols containing a chain of about 16 carbon atoms are 
inert- 

Of 26 alcohols, from Ci to Cn, examined for disinfectant activity, 
n-pentanol was found most effective. 1 When tested for bactericidal 
activity against Staphylococcus aureus there was an increase in the 
following order: ethanol, propylene glycol, pentanol, propanol, butanol. 2 

3. Primary alcohols with branched chains are more active than those 
with straight chains. Rice, Jenkins, and Harden 3 studied a series of 
2 , 2 , 2 -trialkylethanols and found that all of them were more active than 
ethanol and had definite anesthetic properties, but that they were less 
active than tribromoethanol. 

4. The secondary alcohols have a stronger narcotic action than the 
straight-chain primary isomers, and the tertiary alcohols are more active 
than the secondary. Thus, isopropyl alcohol is about twice as active 
as n-propyl alcohol, and terf-butyl alcohol is about twice as active as 
sec-butyl alcohol. The activity of the secondary and tertiary alcohols 
increases as the molecular weight increases for the lower members, e.g., 
sec-amyl and tert -amyl alcohols are more active than sec-butyl and tert- 
butyl alcohol respectively. For tert -amyl alcohol (amylene hydrate) 
the narcotic activity is sufficiently pronounced to permit its use as an 
hypnotic. 

5. Unsaturation causes an increase in the narcotic and toxic activities 
of the alcohols. Allyl alcohol is active as a narcotic but it is highly 
irritant and it is a lachrymator. 

6. The introduction of more than one hydroxyl group to form 
polyhydroxy compounds results in a decrease in activity. Thus 
glycol CH 2 OHCH 2 OH, glycerol CH 2 OHCHOHCH 2 OH, and mannitol 
CH20H(CH0H)4CH 2 0H are practically inactive as narcotics. If the 
alkyl groups predominate greatly, a dihydroxy compound may show 
some narcotic activity. This is well illustrated in the pinacols, where the 
tetraethyl is much more active than tetramethylpinacol. 

7. As a general rule, the presence of an hydroxyl group in an otherwise 
physiologically active molecule tends to decrease the toxicity. 

These generalizations must not be taken too literally, for until the 

> Tanner and Wilson, Proc. Soc. Expll. Biol. Med.. 52, 138 (1943): C.A., 37. 
2769 (1943). ' 

3 Ornstein and Thorsson, Acta Path. Microbiol. Scard.. 21. 914 (1944): C A 40 
2867 (1946). ' ’’ ’ 

3 J - Am. Pharm. Assoc., 27, 303 (1938). 
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correlation between structure and physiological activity is more reliably 
available, it is impossible to state rules which are broadly applicable. 
Additional properties are mentioned under the individual alcohols. 

Products 

Methanol (Methyl Alcohol, Carbinol, Wood Alcohol, Columbian 
Spirit, Wood Spirit, Methyl Hydroxide), CH 3 OH, ordinarily is not 
found free in nature, 1 but it is found in natural esters such as methyl 
salicylate, methyl anthranilate, etc. The chief source of methanol is: 

(а) Destructive distillation of wood, hence the name wood alcohol. 

( б ) Catalytic hydrogenation of carbon monoxide. Carbon monoxide and 
hydrogen under a pressure of about 200 atmospheres and at 450° are passed 
over zinc oxide: 

CO + 2H 2 —*■ CH 3 OH 

Methanol is used commercially as a solvent, as a denaturant for ethanol, for the 
preparation of formaldehyde, etc. The oxidation products of methanol are: 

CH 3 OH—► H 2 CO —► HCOOH—► C0 2 

Methanol Formaldehyde Formic acid Carbon dioxide 

Methanol lowers the freezing point of water more than does an equal volume of 
denatured alcohol. Furthermore, methanol evaporates less readily than denatured 
alcohol from water solutions of the same freezing point. Antifreeze grades of meth¬ 
anol which are characteristically colored and rust inhibiting are used in automobile 
cooling systems. 

The extensive use of methanol in industry and the arts may lead to unfortunate 
complications if proper precautions are not taken against its imbibition. The acute 
toxic symptoms resemble acute alcoholic intoxication, but with more serious local 
effects. Individual susceptibility varies greatly, but blindness may occur after taking 
10 cc. The acute toxic dose for methyl alcohol is about 10 per cent greater than that 
for ethyl alcohol, but the subacute toxicity is greater. The cause for the toxicity of 
methanol to humans has not been completely explained, but it is undoubtedly 
associated with its slow elimination from the system. Although ethanol is oxidized 
completely to carbon dioxide and water, methanol is oxidized mainly to formic acid, 
which is rapidly excreted in the urine, but the acid may be responsible for acidosis, 
and other symptoms. Other oxidation products of methanol, probably formaldehyde, 
seem to have a great affinity for the optic nerve and produce blindness. 

Under favorable conditions methanol is oxidized in the presence of 
liver pulp to formaldehyde; it is the intermediate formation of formal¬ 
dehyde which accounts for the toxicity of methanol. 2 Methanol 
intoxication is characterized by inebriation; this is followed by visual 
disturbances and coma, and death is caused by respiratory paralysis. 

1 It is reported that Japanese tobacco leaves contain 0.41-0.90 per cent methanol. 
Kanahara, J. Agr. Chem. Soc. Japan, 13, 444 (1937); C.A., 31, 7471 (1937). 

* Keeser and Vincke, Klin. Wochschr., /, 583 (1940); C.A., 36, 2874 (1942). 
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The alkaline reserve is reduced by the formic acid that is formed; the 
intravenous, or oral, administration of bicarbonate restores the alkaline 
reserve, and it may prevent death. 1 Methanol oxidation in the tissues 
accompanies increased consumption of vitamin C. 2 

Alcohol, U.S.P. (Ethanol, Ethyl Alcohol, Grain Alcohol, Methyl- 
carbinol, Cologne Spirit, Wine Spirit), CH 3 CH 2 OH, is the alcohol 
normally meant if the word alcohol is used without other modification. 
It may be obtained by the general methods already discussed, from 
appropriate reagents. The chief commercial sources are: 

1 Synthesis. Synthetic ethyl alcohol may be produced by a number of differ¬ 
ent methods. Two methods of interest are: 

(а) From acetylene, by hydration in the presence of mercuric salts and reduc¬ 
tion of the resultant acetaldehyde; these steps may be summarized 

C 2 H 2 + HOH —► (CH 2 =CHOH) —► CH3CHO —>• CH 3 —CH2OH 

The hypothetical intermediate, vinyl alcohol, is unstable and spon¬ 
taneously rearranges into the isomeric acetaldehyde. Although this 
method of synthesis apparently is satisfactory and, with acetylene so 
readily available, is relatively economical, it still is not competitive on 
an economic basis with the fermentation industry. 

(б) From ethylene, by formation of ethyl hydrogen sulfate, which is hydro¬ 
lyzed by dilution. The cost of alcohol from this source compares 
favorably with that obtained by fermentation, and the ethylene is 
available at oil refineries as a by-product. On reconcentration of the 
acid liquors, diethyl ether is obtained as a by-product. 3 

(c) As a by-product from wood hydrolysis. Not much alcohol is now 
produced in this manner, but it is calculated that this method compares 
favorably, on economic bases, with fermentation alcohol. 3 
2. Fermentation of sugars and starches. The word ferment has its origin in the 
Latin, fervere, “ to boil." The fermentation process is accompanied by an 
evolution of carbon dioxide, with an activity akin to boiling. 

The use of starch in the form of grain as raw material for alcohol fermen¬ 
tation dates back to very ancient times. Starch is not directly fermentable 
by yeast and must, therefore, be converted to sugar. The procedure is to 
cook the starch (grain), cool, and then treat with barley malt, whose dia- 
static enzymes convert substantially all the starch to sugar. 

The sugar content of molasses can be easily and economically converted 
into alcohol. Blackstrap molasses, containing between 50 per cent and 60 
per cent of sugar by weight, a by-product of cane-sugar mill operations, is 
used principally. The sugar in blackstrap molasses is present in different 

1 Gley and Menzter, Compt. rend. soc. biol., 139, 1055 (1945). 

*Supurnov, Farmakol. i Toksikol., 9, No. 2, 49 (1946); C.A., 41, 3221 (1947). 

* Aries, Chem. Eng. News, 25, 1792 (1947). 
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chemical forms. Generally the greatest percentage is sucrose. Invert 
sugar also is present. 

Alcohol is produced from molasses by a fermentation process in which the 
sugars are converted into alcohol by the action of yeast enzymes. The yeast 
has a double action upon the sugar. This is brought about by the presence 
in the yeast of two enzymes, invertase and zymase. In the presence of 
invertase, sucrose undergoes conversion into sugars of the invert type: 

CijHmOu + HjO l, “™ > 2 C.H l5 0 . 

Sucrose Water Invert sugar 

The invert sugars are then converted by the zymase into ethyl alcohol and 
carbon dioxide: 

„ Zymase 

C«H 12 0 6 —> 2C 2 H s OH + 2C0 2 

Invert sugar Ethyl alcohol Carbon dioxide 

From 1 mole of hexose, 180 g., it is possible theoretically to obtain a maxi¬ 
mum of 2 moles of ethanol, 92 g.; 51.1 per cent of the sugar may, under 
ideal conditions, be converted into alcohol. The best yield reported was 
48.5 per cent. 

Among the by-products recovered from the fermentation process are carbon 
dioxide (compressed either to a liquid or a solid), potash for the manufacture of 
fertilizers, vitamin concentrates for feedstuffs, and binders for the foundry and coal 
processing industries. 

Ordinary ethyl alcohol is 95 per cent or 190 proof. It is impossible 
to purify alcohol further by ordinary fractional distillation, for it forms 
with water an azeotropic solution consisting of 95 per cent alcohol and 
5 per cent water which distils at 78°, and pure or “ absolute ” alcohol 
boils at 78.3°. Ethyl alcohol is soluble in water in all proportions, 
usually with a contraction in volume; thus 52 volumes of alcohol 
and 48 volumes of water will produce but 96.3 volumes of dilute 
alcohol. 

Absolute Alcohol may be prepared in various ways. In the laboratory 
the water may be removed chemically, with fresh lime, which forms cal¬ 
cium hydroxide, or with calcium carbide, which reacts with the water 
to form acetylene. Another method is to add to the alcohol aluminum 
ethoxide, which reacts with the water to form aluminum hydroxide and 
ethyl alcohol: 

Al(OEt) 3 + 3HOH —->• Al(OH) 3 + 3EtOH 

Commercial absolute alcohol is prepared by adding benzene to ordinary 
alcohol and distilling the ternary mixture. The first fraction to come 
over, boiling at 64.9°, consists of benzene 74 per cent, water 7.5 per cent, 
and alcohol 18.5 per cent. After all the water is removed, the boiling 
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point rises to 68.3°, and in the second fraction are found only benzene 
and alcohol. When all the benzene is removed, the boiling point rises to 
78.3° and pure, practically absolute alcohol distils. The first fraction, 
the ternary mixture, is diluted with water and the benzene recovered. 
The aqueous layer is fractionated to recover the alcohol. The second 
fraction is added directly to more 95 per cent alcohol for the preparation 
of additional absolute alcohol. 

Ethyl alcohol in doses of 45-60 g. is definitely hypnotic. Larger doses 
produce narcotic effects or inebriation. The degree of inebriation is 
proportional to the concentration of alcohol in the blood; the following 
values have been suggested: At 0.1 per cent a third of the subjects are 
clinically inebriated; at 0.15 per cent half are diagnosed to be inebriated. 
A concentration of 0.15 per cent alcohol in the blood is taken as the 
critical concentration in the chemical diagnosis for drunkenness. A 
concentration of 0.15 per cent ethyl alcohol in the blood corresponds to 
a concentration of about 0.2 per cent alcohol in the urine. 

Alcohol depresses the central nervous system. Its stimulant effect is 
really the result of lowering the normal restraining functions. It is 
rapidly absorbed from the small intestine. It is metabolized, being 
converted in the body to water and carbon dioxide; it does, in this 
process, supply energy, but it is not a food since it is not available for 
restoring the wasted tissues of the body. Alcohol is a local irritant; 
in concentrations of 50 to 70 per cent it is a fairly effective germicide. 

Propyl Alcohol (n-Propyl Alcohol, 1-Propanol, Ethylcarbinol), 
CH3CH2CH2OH, is formed in small amount during the fermentation 
production of grain alcohol; propyl alcohol appears in the fusel oil 
fraction, from which it may be isolated by fractional distillation. This 
compound is used primarily for the preparation of propyl compounds, 
e.g., propyl halides, which are used in the synthesis of various deriva¬ 
tives. 

Isopropyl Alcohol, N.N.R. (2-Propanol, Dimethylcarbinol, “ Petro- 
hol ”), CH3CHOHCH3, does not occur naturally. It may be obtained 
by the reduction of acetone: 

CH3—CO—CH3 -f* H2 —► CH3—CHOH—CH3 

Isopropyl alcohol is obtained by the hydration of propylene. 

CH3—CH=CH a CHr-CHOH-CH, 

Because of its ready availability at economical costs it is finding use as 
a substitute for ethyl alcohol in many applications, being used in rubbing 
alcohols, shaving lotions, astringent solutions, etc. It is reported that 
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a 40 per cent solution of isopropyl alcohol has antiseptic properties 
comparable to those of a 60 per cent solution of ethyl alcohol. It has 
been recommended as a substitute for ethanol in the cleansing of the 
skin and in the disinfection of clinical thermometers, surgical instruments, 
etc. The Isopropyl Alcohol Rubbing Compound , N.F., containing 68 to 
72 per cent isopropanol, is used as a substitute for rubbing alcohol. 

Pharmacologically isopropyl alcohol resembles ethyl alcohol. It is 
easily oxidized and disappears from the blood at about the same rate. 
It is more toxic than ethyl alcohol and is said to produce considerable 
temporary prostration. No instances of eye injury have been reported. 

It is a good solvent for creosote and is used to remove this substance 
from the skin to prevent creosote bums. 

Butyl Alcohol (1-Butanol, Propylcarbinol), CH 3 CH 2 CH 2 CH 2 OH, is 
obtained commercially from cornstarch by fermentation, using the 
Clostridium acetobutylicum. 

During the fermentation a product consisting of 60 per cent n-butanol, 30 per 
cent acetone, and 10 per cent ethanol is obtained. The gas liberated during fermenta¬ 
tion consists of 45 per cent hydrogen and 55 per cent carbon dioxide; the hydrogen 
is collected and used in the synthetic preparation of ammonia. 

Isobutyl Alcohol (2-Methyl-1-propanol, Isopropylcarbinol), (CH 3 )r- 
CHCH 2 OH, is found in the fusel-oil fraction of fermentation products. 
It is obtained by the decarboxylation and deamination of valine, a-amino- 
isovaleric acid: 

(CH 3 ) 2 CH-CHNH 2 -COOH —> NH 3 + C0 2 + (CH 3 ) 2 CHCH 2 OH 

Isobutyl alcohol is found as the esters of isobutyric acid and angelic acid 
(Me 2 C==CHCOOH) in the oil of Roman kamila. 

ferf-Butyl Alcohol, (CH 3 ) 3 COH, m.p. 25.4°, is prepared from isobuty¬ 
lene by passing the gas into sulfuric acid and hydrolyzing the ester thus 
formed: 

(CH,) 2 C=CH 2 + H,SO, —*- (CH 3 ) 3 C—0-S0 3 H (CH 3 ),COH + HjSO, 

Pentanols are prepared commercially from the pentanes by appropriate 
methods, e.g., halogenation of the hydrocarbons followed by hydrolysis. 
For a summary of the physical properties of the various pentanols see 
Table 11. 

Isoamyl alcohol predominates in fusel oil. This alcohol is found 
naturally as the ester in pear oil (isoamyl acetate) and banana oil 
(isoamyl butyrate and isoamyl isovalerate). Compare this natural 
occurrence with that of the hydrocarbon isoprene. 

Amylene Hydrate, U.S.P. (Tertiary Amyl Alcohol, Dimethylethyl 
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Carbinol), is prepared by treating amylene with a mixture of sulfuric 
acid and water maintained at 0°. The mixture is then neutralized with 
alkali and distilled. 

CH 3 ch 3 

CHs—CH=C—CH 3 + H 2 0 ^2-* CH 3 —CH 2 —C—OH 

I 

CH 3 

Amylene hydrate, b.p. about 97-103°, is a clear, colorless, volatile 
liquid having a characteristic odor and a burning taste, soluble 1 : 8 in 
cold water, and miscible with alcohol, chloroform, ether, and benzene. 

Amylene hydrate is used as an hypnotic and sedative. It is said to 
have no harmful effect on the heart and is used in insomnia, epilepsy, 
whooping cough, etc. It is administered orally in capsules, rectally by 
enema in suspension with acacia, and intramuscularly by injection. 

The higher alcohols, lauryl CuH^OII, myristyl CmH m OH, cetyl 
CuH 3 iOH, and stearyl CiiHtrOH, all normal primary alcohols, are per¬ 
haps of the greatest interest, although the lower homologs are also 
known. The even-numbered carbon-chain alcohols from C 12 to Cia cor¬ 
respond to the fatty acids. Cetyl alcohol occurs naturally as the ester 
of several high fatty acids in waxes. Stearyl alcohol is found in the 
sterol-free alcoholic extract of Plexaura flexuosa, an invertebrate coral- 
reef-building marine animal. 1 Lauryl, myristyl, and stearyl alcohols 
are prepared by the reduction of the corresponding acids (reduction of 
the esters as indicated on page 64). These alcohols, converted into 
alkyl sodium sulfates of the general formula II—O—S0 3 Na, are known 
as gardinols or the avirols, which are excellent wetting agents and act 
as detergents. Ceryl alcohol, 71 -C 26 H 53 OH, occurs as its cerotic ester 
in Chinese wax. Melissic or myricyl alcohol, n-C 3 oH 6 iOH, is present 
as the palmitate in beeswax and carnauba wax. 

Cetyl Alcohol, N.F., and Stearyl Alcohol, U.S.P., are unctuous solids 
usually marketed as flakes or granules and consisting chiefly of CH 3 - 
(CH 2 )i4CH 2 OH and CH 3 (CH 2 )i6CH 2 OH, respectively. They are used 
in ointment bases and creams to produce smoothness of texture and make 
them hydrophilic, i.e., capable of absorbing water. 


POLYHYDROXY (POLYHYDRIC) ALCOHOLS 

Theoretically the simplest dihydroxy derivative of a hydrocarbon is 
dihydroxymethane, which might also be considered as the first member 
1 Kind and Bergmann, J. Org. Chem., 7, 424 (1942). 
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of an homologous series of alkyl- and dialkyl-dihydroxymethanes. 
Such compounds are known by their derivatives, chiefly their acetals, 
page 168, but as a rule they are unstable, losing a molecule of water to 
form carbonyl derivatives, aldehydes, or ketones. Hence the first 
member of the dihydroxy-substituted hydrocarbons is dihydroxyethane, 
CH 2 OHCH 2 OH. For the same reason the simplest trihydroxyhydro- 
carbon is trihydroxypropane, CH 2 OHCHOHCH 2 OH, glycerol. The 
effect on the physical properties produced by the successive introduction 
of hydroxyl groups into propane is shown by reference to Table 14. 

By plotting the data of Table 14 one finds an almost regular increase 
in the specific gravity as the successive hydroxyl groups are introduced 


TABLE 14 

The Hydroxy Propanes 


Formula 

Name 

Boiling 

Point 

°C. 

Melting 

Point 

°C. 


CHjCHaCHj 

Propane 

-44.5 

-189.9 

0.585"* 

CHjCHOHCHj 

Isopropyl alcohol 

82.3 

-85.5 

0.780 

CHjCHjCHjOH 

n-Propyl alcohol 

87.8 

-127 


CIIjCHOHCHaOH 

Propylene glycol, 
1 ,2-propanediol 

187.4 


1.038 

CHaOHCHaCHaOH 

Trimethylene glycol, 
1,3-propanediol 

214 d 

_ 

1.053 

CH,OHCHOHCH,OH 

Glycerol, 

1,2,3-propanetriol 

290 d 

17.9 

1.260 


into the propane molecule. As for the boiling point, the primary alco¬ 
holic hydroxyl has a greater effect than does the secondary hydroxyl 
group. Chemically these hydroxyl groups confer properties quite like 
those of the single hydroxyl group. 

The polyhydric compounds are usually prepared according to accepted 
and established procedures. Thus, 1,2-dihydroxyethane is synthesized 
by methods that have already been discussed. It was first prepared by 
Wurtz, who treated ethylene chloride with silver acetate, 

UOH 

CH 2 C1—CH 2 C1 + 2AgOAc —► 2AgCl + CH 2 OAc —>- CH 2 OH—CH 2 OH 

I 

CH 2 OAc 

The commercial method for its preparation is from ethylene which is 
first converted into ethylene chlorohydrin and hydrolyzed, 

CH 2 OH—CH 2 C1 CH 2 OH-CH 2 OH 


CH 2 =CH 2 + HOC1 
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Ethylene Glycol (1,2-Ethanediol) is a colorless, practically odorless 
liquid, b.p. 197°, with properties intermediate between those of alcohol 
and glycerol. It is extremely hygroscopic, absorbing approximately 
twice its weight of water. It is completely miscible with water and 
when mixed in the ratio of 60 parts with 40 parts of water the freezing 
point of the mixture is depressed to —49°, the maximum that can be 
attained in mixtures of the glycol and water. It is extensively used as 
an antifreeze and as a solvent. It is not suitable for use in pharmaceuti¬ 
cal preparations because it is oxidized readily to oxalic acid in the body 
and gives rise to the symptoms of oxalate poisoning. Following a fatal 
dose of ethylene glycol, crystals, considered to be oxalate, were found 
in the uriniferous tubules. 1 

Propylene Glycol, N.F. (Methylethylene Glycol), b.p. 187.4°, closely 
resembles ethylene glycol. It is reported to be physiologically harmless. 
It is employed as an antifreeze in dairy and brewery cooling systems. 
It is also used as a solvent in flavoring extracts, perfumes, and pharma¬ 
ceutical preparations. A fine spray of propylene glycol is an effective 
and apparently nontoxic bactericidal agent, useful for sterilizing cham¬ 
bers where crowds collect, e.g., in shelters. 2 

2-Ethyl-l,3-hexandiol, CH 3 CH 2 CH 2 CHOHCHCH 2 OH, obtained by 

C 2 H 6 

the reduction of the aldol formed when butyraldehyde dimerizes, is 
employed as an insect repellent. 

Glycerin, U.S.P. (Glycerol, 1,2,3-Propanetriol), CH 2 OHCHOHCII 2 - 
OH, is an important compound. It was first isolated by Scheele (1779). 
Its empirical formula was determined by Pelouze; its structure was 
established by Berthelot and Wurtz (1836). Its structure follows from 
the fact that it may be obtained from 1,2,3-trichloropropane by heating 
with water to 170°. It is found as a constituent of fats and lipids, from 
which it may be obtained by hydrolysis or saponification. It may also 
be prepared by fermentation processes. If certain salts are added to 
the mash to be fermented by yeast, varying yields of glycerol are possible. 

If disodium phosphate is added to the fermenting hexoses, appreciable yields of 
glycerol are obtained. Sodium sulfite is even more efficient in promoting the for¬ 
mation of glycerol; this salt suppresses the formation of ethanol and carbon dioxide 
but increases the amounts of acetaldehyde produced. With 20 parts of sodium sulfite 
the amount of glycerol formed may reach 37 per cent, while acetaldehyde reaches 
10 per cent. The process is simple, and, where fats are not ample as a source for 
glycerol, it may be employed to good advantage. During the war of 1914-1918 

1 Boemke, Arch. path. Anal. (Virchow’s), 310, 106 (1943); C.A., 39, 1923 (1945). 

•Robertson, Bigg, Miller, Baker, and Puck, Science, 93, 213 (1941). 
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Germany produced by this process more than a million kilograms of glycerol per 

month. 

A method of synthesis adapted from older procedures promises to supply the 
growing demands for glycerol. Propylene may be chlorinated to form allyl chloride, 
CHaCl, in yields of 80 per cent which may be converted into trichloro- 
propane, and hydrolysis then yields glycerol. 

Glycerol acts both as an emollient and as a demulcent. It is used on 
chapped hands and rough skin; however, since the anhydrous glycerol 
has a great affinity for water, it should never be used for such purposes 
except in the form of a solution. Undiluted glycerol injected into the 
rectum causes evacuation in a few minutes, and usually without pain; 
use is made of this property in the glycerol suppository, which is glycerol 
containing sodium stearate to harden it. In pharmacy, glycerol finds 
wide use as a sweet vehicle and as a solvent miscible with water. It is 
used in tobacco as a moistening agent, but this use is not without objec¬ 
tion since on combustion one of its pyrolysis products is acrolein. It is 
employed as a preservative for ferments and vaccines. In concentra¬ 
tions of 25 per cent or greater it is definitely antiseptic. No toxic symp¬ 
toms, in man, have been observed; this is to be expected since it is a 
natural constituent of fats. 

Tetrahydroxybutane (Erythritol, Erythrite), CH 2 OH—CHOH— 
CHOH—CII 2 OH, can exist in two optically active forms (just as does 
tartaric acid) and one mesoform or internally compensated form. The 
d- and L-erythritol are known only from synthetic sources. Mesoeryth- 
ritol is found free in algae and as the ester of lecanoric acid in lichens. 

L-Erythritol may also be obtained by the reduction of D-threose. 

CH 2 OHCHOHCHOHCHO CH 2 OHCHOHCHOHCH 2 OH 

Erythritol is used as the tetranitrate for much the same purpose as 
glycerol trinitrate, and has like physiological action. 

Mesoerythritol, m.p. 120°, b.p. 329°, possesses a sweet taste, is readily 
soluble in water, and is soluble with difficulty in alcohol, d- and 
L-Erythritol melt at 89°; racemic erythritol melts at 72°. 

The pentahydroxypentanes, though of considerable interest to the 
student of carbohydrates, have no particular application in medicinal 
or pharmaceutical chemistry. The hexahydroxyhexanes, however, are 
of appreciable value. The isomerism in these compounds, as in eryth¬ 
ritol, is caused by asymmetry within the molecule. 

D-Mannitol, CH 2 OH(CHOH) 4 CH 2 OH, occurs extensively in natural 
products, being the main constituent of manna, the dried juice of the 
various manna plants; it is also found in such widely different plants 
as celery, olives, and jasmin. It may be prepared by the reduction of 
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mannose or fructose. Mannitol, [ a] D = —0.25°, melts at 165-166°, and 
distils at 276-280° at 1 mm. pressure. 

D-Sorbitol melts at 110-111°. It is present in many fruits, from 
which it may be isolated. Dulcitol, a mesoisomer, m.p. 188°, is found 
almost pure in the manna from Madagascar. It may be obtained by 
the reduction of galactose. 

In the polyhydroxy derivatives discussed, the detoxifying action of 
the hydroxyl group and its sweetening effect are excellently shown. 
Glycerol is a sweet liquid, erythritol is still sweeter. No toxic effect of 
glycerol has been reported, and the hexahydroxyhexanes are virtually 
carbohydratelike foods. 


UNSATURATED ALCOHOLS 


Compounds having in their structure a double bond and an hydroxyl 
group exhibit, as would be expected, properties of the two functional 
groups. The simplest unsaturated alcohol, theoretically, is vinyl 
alcohol which should have the structure CH 2 =CHOH. This compound 
is unstable, however, and rearranges into the isomeric structure of 
acetaldehyde: 

CHr=CH—OH —>■ CH 3 -CHO 


Here is an example of desmotropism or tautomerism which is given the name 
kelo-enol tautomerism. In the keto form is found the carbonyl group. In the enol- 
tautomer is present the unsaturated bond (enc), and attached to the unsaturated 
carbon atom is an alcoholic hydroxyl group. This tautomerism may be represented 
as an equilibrium, which it is in fact, 


R—CH—CO—R' 


R—C=COH—R' 


I 


I 


Other examples will be encountered later: acetoacetic acid, malonic acid, etc. 
In vinyl alcohol and acetaldehyde, the equilibrium has shifted so far that the enol 
cannot be isolated. Derivatives of vinyl alcohol are known, however; e.g., vinyl 
chloride CH*=CH—Cl, vinyl acetate CH*=CH—OAc, and divinyl ether CH*= 
CH—O—CH=CH 2 . 


Such rearrangement also is characteristic for the substituted vinyl 
alcohols. Hence, the stable unsaturated alcohols are those in which the 
hydroxyl group is not attached to an unsaturated carbon atom; the first 
member of such a series is allyl alcohol. Allyl alcohol may be prepared 
by the dehydration of glycerol as follows: 


CHzO-rH HO-rCO 
I i 

CHO—jH HO:CO 

i - 

ch 2 oh 


ch 2 o-co 

I I 

2 H 2 0 +CHO-CO 

I 

CH2OH 


260° 

heat 


CH 2 

II 

* CH 4- 2C0 2 
I 

CH 2 OH 


To complete the cycle, the alcohol may be treated with aqueous perman¬ 
ganate to convert it into glycerol. (Cf. Glycerol, page 77.) 
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Allyl Alcohol, CH 2 =CH—CH 2 OH, b.p. 97°, is a mobile liquid with 
a suffocating odor. Like propyl alcohol, it is miscible with water in all 
proportions. Being unsaturated, it readily adds bromine, hypochlorous 
acid, chlorine, etc. Allyl alcohol, when applied to the skin, is very 
irritating. Its toxic dose is greater than the narcotic dose. The chief 
pharmaceutical interest in this unsaturated alcohol arises from its use as 
an intermediate for the synthesis of the allyl halides, which are employed 
in the preparation of medicinally useful compounds, e.g., the allyl- 
substituted barbituric acids. 

Crotyl Alcohol, CH 3 CH=CHCH 2 OH, may be prepared by treating 
crotonic aldehyde with aluminum isopropoxide; this procedure reduces 
the carbonyl group without affecting the double bond. The alcohol 
readily isomerizes into an equilibrium mixture of crotyl alcohol and 
methylvinylcarbinol: 

CH 3 CH=CHCH 2 OH -CH 3 —CHOH—CH=CH 2 

The equilibrium is characteristic for compounds of this type in which 
the position of the double bond is beta-gamma to the hydroxy-bearing 
carbon atom. An excellent example of this is the interconversion of 
geraniol and linalol, given later, page 81. 

3-Hexen-l-ol, CH 3 —CH 2 —CH=CH—CH 2 —CH 2 OH, has been 
isolated from Thea sinensis Japonica, Japanese peppermint oil, mul¬ 
berry leaves, acacia leaves, and from the juice of raspberries. 1 It is 
found in the cis configuration and possesses the odor of green leaves. 
It has a physiological activity like that of n-hexanol. 2 -* 

Higher alkenols, especially the Cio open-chain, unsaturated alcohols 
are of particular interest, for they are natural alcohols, occurring in 
essential oils and belonging to the terpene group. As may be expected, 
these compounds are structural derivatives of the 2,6-dimethyloctane 
skeleton. Citronellol found in oil of citronella and in oil of roses is such 
an alcohol. 

CH 2 =C—CH 2 —CHr-CH 2 —CH—ch 2 —ch 2 oh 

I I 

ch 3 ch 3 

3.7- Dimethyl-7-oct«n-l-ol 

I 

CH 3 —C=CH—CH 2 —CH 2 —CH—CH 2 —CH 2 OH 

I I 

ch 3 ch 3 

3.7- Dimethyl-6-octen-l-ol 

II 

1 Bohnsack, Ber., 75, 72 (1942). 

1 Takei, Ono, and Sinosaki, Ber., 73, 950 (1940). 

•Murakami, Folia Pharmacol. Japan., 21, 131 (1935); C.A., 30, 768 (1936). 
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Geraniol, CioHigO, a colorless oil with pleasant odor, b.p. 114 - 115°/12 
mm., is present in many essential oils, including geranium oils. It is 
stereoisomeric with nerol, CioHigO, b.p. 125°/25 mm., which is found in 
oil of neroli, oil of bergamot, etc. Both geraniol and nerol on hydrogena¬ 
tion take up four atoms of hydrogen to form the identical primary 
alcohol C 10 H 22 O; this same saturated alcohol is obtained by the hydro¬ 
genation of citronellol. Hence, geraniol and nerol have two double 
bonds. Both give the same oxidative degradation products, the identi¬ 
fication of which locates the position of the unsaturated bonds between 
carbon atoms 2 and 3, and between 6 and 7. The structure 3,7-di- 
methyl-2,6-octadiene-l-ol permits geometric isomerism involving the 2,3 
double bond. 

CH 3 —C=CH—CH 2 —CH 2 —C—CH 3 

I II 

CH 3 HC—CH 2 OH 

cu-3.7-Dimethyl-2.6-octadicne-l-ol 

CH3—C=CH—CHg—CH2—C—CH 3 

I II 

CH 3 HOCHi—CH 

fraru-3.7-Diroethyl-2,6-octadiene-l-ol 

Nerol readily loses water and cyclizes to form dipentene, and therefore 
must be the trans isomer; geraniol undergoes such cyclization much less 
readily. 

C 

I 

C CH2OH 

/ \ / 

C CH 


C 

\ 

c 
II 
c 

/ \ 

c c 

Geraniol. cyclizes 
difficultly 

Linalol (Licareol, Coriandrol, Linalool), CioHigO, is found in Mexican 
oil of linaloe, rose oil, bergamot oil, and other essential oils. It is opti¬ 
cally active, hence contains an asymmetric center, gives reactions char¬ 
acteristic for a tertiary alcohol, and it may be readily isomerized into 
geraniol (cf. interconversion of crotyl alcohol and methylvinylcarbinol, 


C 

I 

c 

/ 

c c 

I I 

c c 

\ / 

c 

I 

c 

c c 

Dipentene 


c 
I 

c 

/ \ / 


H 


CHs 


\ 


C OH 

II 

c 

/ \ 

c c 

Nerol. cyclizes 
readily 
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page 80). The structure accepted for this alcohol is: 

CH 3 —C=CH— CHz— CH*—COH—CH=CH 2 

I I 

ch 3 ch 3 

3.7-Dimethyl-1.6-octadien©-3-ol 

Famesol, Ci B H 2 eO, an example of an unsaturated Ci6 natural, tri- 
isoprenoid alcohol, is found in oils of citronella, neroli, etc. It possesses 
a highly characteristic odor and is desirable in perfume. It distils 
120°/0-3 mm. It adds six atoms of hydrogen to form CisH 32 0, known 
as hexahydrofarnesol or as perhydrofarnesol. The structure is: 

CH 3 —C=CH—CH 2 —CH 2 —C=CH—CH 2 —CH 2 —C=CH—CH 2 OH 

I I I 

ch 3 ch 3 ch 3 

3.7.11-Trimethy 1-2.6.10-dodccatricne-1 -ol 

OH 

I 

CHr-C=CH—CHj—CHr-C=CH—CHr-CH 2 —C—CH=CH 2 

I I I 

ch 3 ch 3 ch 3 

3.7.1 l-Trimethyl-1.6.10.dodec4trieo©-3-ol 

Nerolidol, isomeric with and related to famesol as linalol is to geraniol, 
is found in oils of bitter orange, neroli, and Peru balsam. 

Oleyl Alcohol, N.F., is a mixture of alcohols consisting chiefly of 
CH 3 —(CH 2 ) 7 —CH=CH—(CH 2 )i—CH 2 OH. It is employed in oint¬ 
ments to increase their smoothness and capacity to absorb water. 

Phytol is an example of a C 20 natural alcohol built up of four isoprene 
nuclei. Phytol may be isolated from chlorophyll, of which natural pig¬ 
ment it is a constituent, although the exact relationship is unknown. 
Its empirical formula is C 20 H 4 oO. It is a primary, unsaturated alcohol; 
its properties show it to be a substituted allyl alcohol. Fission of the 
double bond with ozone yields glycolic aldehyde and a methyl ketone, 
CieHaaCO—CH 3 . These products account for all carbon atoms in 
phytol. The ketone was synthesized from perhydrofarnesyl bromide 
and ethyl acetoacetate: 

Me 2 CHCH 2 CH 2 —CH 2 CHMeCH 2 CH 2 —CH 2 CHMeCH 2 CH 2 Br + 
COCH 3 CO—ch 3 

HOH 

Na—CH—COOEt —► C, s H 3 i—CH—COOEt —► 

CHsCHCHaCH*—CH 2 CHCH 2 CH 2 —CH 2 CHCH 2 CH 2 —CH 2 CO 

I I I I 

ch 3 ch 3 ch 3 ch 3 

6.10.14-Trimethyl-2-pcntadccanone 
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The synthesis of this ketone proves the presence in phytol of the isoprene 
carbon skeletons. Thus the structure of phytol becomes: 

CH3CHCH2CH2—CH2CHCH2CH2—CH2CHCH2CH2—CH2C=CHCH 2 OH 

I I I I 

ch 3 ch 3 ch 3 ch 3 

3 . 7 . 11 . 15 -Tetramethyl- 2 -hexadecenc- l-ol 

An optically active phytol has been isolated from nettles; and the (+), 
(—), and DL-phytols have been studied by Karrer and co-workers. 1 

CYCLIC ALCOHOLS 

Cyclic alcohols are of considerable interest, and for the medicinal and 
pharmaceutical chemist the cyclohexanols are of considerable impor¬ 
tance. Cyclohexanol is prepared by the hydrogenation of phenol. Its 
properties, both physical and chemical, very closely resemble those of 
n-hexanol, and in industry it has much the same use. 

Inositol (Hexahydroxycyclohexane), CeH*(OH)e, is found in heart 
muscle and in other tissues; it is also found in unripe beans and peas, 
and it is commercially obtainable from the “ steep water ” after soaking 
corn in the manufacture of starch. In most of its properties it resembles 
the sugar alcohols, the hexahydroxyhexanes. It is a component fraction 
of “ bios.” The term bios antedates the word vitamin and it was used 
in Ide’s laboratory (Louvain, 1901) to designate the then unknown 
factors necessary in the growth of the yeast plant. Bios is now known 
to be a mixture of the B vitamins. Inositol may be a primary and 
essential vitamin. Woolley 2 found that it was a curative factor for the 
alopecia produced in mice fed on a special diet. It has been reported 3 
that inositol cures the alopecia caused by the addition of p-aminobenzoic 
acid to a synthetic diet containing all other members of the vitamin B 
complex. All evidence indicates that inositol is a supporting and not a 
specific dietary constituent. Inositol inhibits the growth of tumors in 
mice, the degree of inhibition depending on the dose injected. 4 In the 
perfused rabbit heart, optically inactive inositol decreases the amplitude 
of the contraction and provokes arrhythmia. 5 

Menthol, U.S.P. (l-Methyl-4-isopropyl-3-cyclohexanol, 3-Menthanol, 
3-Terpanol, Hexahydrothymol), C 10 H 20 O, is said to have been known in 
Japan for more than 2000 years. It occurs in peppermint oils, mostly 

1 Karrer, Simon, and Zbinden, Helv. Chim. Ada, 27, 313 (1944); C.A., 38, 6272 
(1944). 

* Woolley, J. Biol. Chem., 139, 29 (1941). 

3 Martin and Ansbacher, Proc. Soc. Expll. Biol. Med., 48, 118 (1941). 

4 Lazio and Leuchtenberger, Science, 97, 515 (1943). 

6 Meyer, Proc. Exptl. Biol. Med., 62, 111 (1946); C.A., 40, 5819 (1946). 
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free and to some extent as the acetate. It is usually obtained from the 
volatile oil of Mentha arvensis (Japanese peppermint oil). Many syn¬ 
thetic menthols have appeared on the market. Most of them consist of 
mixtures of various stereoisomers from which it is possible to separate 
the official menthol. 

Its structure is indicated by its synthesis from thymol on hydrogena¬ 
tion, and by its conversion into thymol on dehydrogenation: 
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CB. 

H 2 C * x ch 2 

h 2 q. *CHOH 
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^CH-CHa 

CH 3 

Menthol 
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^CH-CHa 

CH 3 

Thymol 


Menthol has three asymmetric centers (indicated in the formula by 
asterisks); hence, there are 2 3 or eight possible optical isomers. These 
are discussed in greater detail on page 672. 

Synthetic racemic menthol may be prepared by the hydrogenation 
of thymol; the separation of the desired isomer may be carried out by 
preferential esterification with phthalic anhydride, and hydrolysis of the 
resulting ester after purification by recrystallization , 1 or by separating 
pure racemic menthone, m.p. —16° C., by rectification of the crude 
hexahydrothymol through a 60-plate column in the presence of a dehy¬ 
drogenation catalyst, followed by reduction to Dk-neomenthol and 
DL-menthol, which are separated by rectification . 2 

It is a crystalline compound, m.p. 41-43°, with a characteristic mint¬ 
like odor, soluble in most organic solvents and slightly soluble in water. 
When mixed with about equal amounts of such compounds as camphor, 
thymol, phenol, and chloral hydrate, it forms eutectic mixtures. 

Rubbed on the skin menthol causes a refreshing sensation of cold 
followed by a slight burning and pricking sensation. It is used as a 
counterirritant in neuralgia and headache, being applied by means of 
menthol pencils, as Camphorated Menthol , N.F. and as a constituent of 
analgesic balms. It has very slight antiseptic value but seems to be a 
stimulant to inflamed mucous surfaces especially of the nose and throat. 
Nasal sprays consisting of menthol dissolved in liquid petrolatum (see 
Aromatic Spray , N.F., Ephedrine Spray , N.F., Compound Spray of 

1 U. S. pat. 1,904,545. 

* Hass and Barney, Ind. Eng. Chem., 36, 85 (1944). 
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Ephedrine, N.F ., and Compound Spray of Menthol , N.F.) and the vapor 
supplied from menthol inhalers have been used to give relief from colds, 
catarrh, chronic bronchitis, etc. It is also used in mentholated cigarettes 
and cough drops for its counterirritant effect on mucous surfaces. It is 
used to some extent internally for the relief of gastric pains as in 
dyspepsia. 

Coryfin (Menthyl Ethoxy acetate) is an oily liquid of menthol odor, 
soluble in alcohol and oils. It is reported to be less irritant than 
menthol and to give a more prolonged effect. It is used in sprays and 
as an inhalant and internally as a carminative. 

CH 3 
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CH 

/ \ 

H,C CH* O 

I I II 

H 2 C CH—O—C—CH 2 —O—c 2 h 6 

\ / 
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CH 

/ \ 

ch 3 ch 3 

Cory 6 n 

Isomeric with the menthols are the carvomenthols, 2-menthanol. 
They may be obtained by the hydrogenation of carvacrol and these may, 
in turn, be dehydrogenated to carvacrol. 

Terpin (1,8-Menthandiol) is a dihydroxy derivative of menthane. 


On dehydration with phosphoric acid it forms the terpineol of commerce 
which is a mixture of a-, 0-, and 7 -terpineol. 
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of-Terpineol is a natural constituent of many oils, e.g., cardamom and 
cajeput. 

Terpin Hydrate, N.F., is obtained when turpentine in alcohol is treated 
with dilute nitric acid. It was formerly given the open-chain structure 
but this structure is not consistent with its melting point and its loss 
of water over sulfuric acid at room temperature. 
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Terpin hydrate, 
open-chain structure 
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Terpin hydrate, 
cyclic structure 


The hydrate is a crystalline solid, m.p. 102-105° with loss of water 
and formation of the cis form of 1,8-terpin (see Terpin). The Irans 
form of terpin which does not give a hydrate is also known, m.p. 157°. 

It is used chiefly in the form of an elixir, often with codeine, as an 
expectorant in bronchitis. It has some slight antiseptic, diuretic, and 
diaphoretic activity. 

Thujyl Alcohol is a dicyclic terpenoid alcohol found both free and 
esterified in oil of wormwood. Bomeol, of which the (+)-rotatory 
isomer occurs in many volatile oils, such as lavender and rosemary, is 
also a dicyclic terpenoid alcohol. 
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Santalol, found in sandalwood oil, consists of two isomeric alcohols 
for which Semmler has suggested the formulas: 


C ^H- 
I I 

/ c ?L ch « 

CH.CH 


CH- CH- CHf CHf CH,OH 


<r-Santalol 


/qp v cH, 


,C N CH 'cH-CH-CH-CHj-CHj-CHjOH 

A A - ca * 


CH.CH 


0-Snntalol 


However, the first formula is sterically impossible. It may be that the 
two alcohols are cis and trans forms. Good grades of the East Indian 
sandalwood oil contain from 90 to 97 per cent of total alcohols. The 
oil has been used as a urinary antiseptic, and it is believed that its 
activity is chiefly caused by the santalols which it contains. 

2-Phenylcyclohexanol (NMRI-201) and 2-Hydroxy-1,2,3,4-tetra- 
hydronaphthalene (NMRI-448) are two promising members of a series 
of compounds examined at the Naval Medical Research Institute for 
mosquito repellency. They are unique since they decrease little in 
activity when applied to the skin of perspiring subjects. A mixture, 70 
per cent NMRI-201 and 30 per cent NMRI-448, is more effective than 
either alone. 1 

Vitamin A (Axerophthol) may be considered as derived from 0-carotene 
in the following manner: 



H * C ^ch >CH , 


Vitamin Ai 

Many fish oils contain a substance whose formula C4oH M (OH) 2 suggests a hy¬ 
drated carotene. Because of its high concentration in whale oil (Greek ketos means 
“ wha,e ”)> U P t0 0.8 per cent, it is called kitol. After being heated to 200° it be¬ 
comes biologically active. 2 3 - 1 

1 Jachowski and Pijoan, Science, 104, 266 (1946). 

2 Embree and Shantz, J. Am. Chem. Soc., 65, 910 (1943). 

3 Clough. Kascher, Robeson, and Baxter, Science, 105, 436 (1947). 
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The determination of the complex structure of vitamin A and its 
relationship to the carotenes is one of the outstanding achievements of 
science. Moore showed that carotene is converted in the body to 
vitamin A. About the same time, Karrer and his co-workers 1 * 2 deter¬ 
mined the chemical constitution of plant carotene 2 and of vitamin A 
obtained from fish-liver oil. 3 Karrer and his associates demonstrated 
that carotene and vitamin A contained the /3-ionone ring, two rings in 
carotene and one in vitamin A, with an aliphatic, methylated, polyene 
chain made up of isoprene residues arranged in pairs and joined in 
reverse order at carbon atoms 15 and 15'. Heilbron and associates 3 
substantiated Karrer’s formula. Karrer el al . 4 completed the proof of 
the correlation between the structure of carotene and vitamin A by show¬ 
ing that the crystalline, natural vitamin A from fish oils when hydro¬ 
genated was identical with a synthetic perhydrovitamin A which was 
prepared starting with /3-ionone. 

A deficiency of vitamin A may be caused by: (1) inadequate intake; 
(2) inadequate absorption due to disease, e.g., obstructive jaundice 
which results in the absence of bile without which the fat-soluble vita¬ 
mins are poorly absorbed; (3) inadequate utilization, e.g., disease of 
the liver; (4) increased requirements as in pregnancy, tuberculosis, 
and hypothyroidism. 

The daily requirements of vitamin A are not definitely known since 
individuals vary greatly in their needs. The following daily require¬ 
ments have been suggested: 

Infancy and childhood 2,500 to 5,000 U.S.P. units 

Adolescence and maturity 6,000 to 8,000 U.S.P. units 

Pregnancy and lactation 7,500 to 8,700 U.S.P. units 

Acute deficiency 35,000 to 100,000 U.S.P. units 

The function of vitamin A in the living organism is not understood 
completely. It is known that certain types of night blindness (nyc¬ 
talopia) result from deficiency of this vitamin, and vitamin A is a specific 
for them. The chemistry of photoreception remains obscure. It is 
suggested that vitamin A is enzymatically oxidized by phosphopyridine 
nucleotides to the aldehyde. This aldehyde is retinine, or the chromo¬ 
gen, which appears in dark-adapted eyes, 6 and the aldehyde is in equi¬ 
librium with the alcohol. It is the aldehyde, however, which serves to 
reduce the photosensitive pigments, probably flavin-protein conjugates, 
as they are oxidized on exposure to light. 6 

* Helv. Chim. Ada, 13, 1084 (1930). 

* Helv. Chim. Ada, 14 , 1431 (1931). 

* Biochem. J., 26, 1194 (1932). 

4 Helv. Chim. Ada, 16, 557 (1933). 

* Morton and Goodwin, Nature, 153, 405 (1944). 

* Morton, Nature, 153, 69 (1944). 
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It is of more than passing interest to note that the most sensitive chemical reaction 
ever to be observed is the response of the visual purple in the eye to light energy. It 
has been shown that one quantum of energy will produce a chemical change in one 
molecule of retinine. The smallest amount of light that the normal eye, after 
adaptation to the dark, could detect was calculated at eight or nine quanta. Thus 
here is a chemical change that may be detected when it takes place in less than 
ten molecules. 1 

It is interesting, in this connection, to recall that the fishermen of Labrador and 
Newfoundland discovered empirically that the eating of raw fish livers cures “ night 
blindness.” Of all the remedies used by the Chinese for night blindness, 85 per cent 
were found to contain either vitamin A or the carotenes. 

It is also known that vitamin A promotes growth, the normal structure 
and healthy condition of teeth, mucous membranes, conjunctiva, and 
all other epithelial tissue when it is administered in cases of marked 
deficiency. However, with normal intake and in the absence of disease, 
there is no reason to believe that additional quantities of vitamin A are 
beneficial in the promotion of growth, resistance to infections, etc. It 
has been claimed that vitamin A if taken in sufficient amounts will 
prevent the formation of renal calculi (kidney stones). This claim is 
controversial. 

Crystalline vitamin A (Ai) consists of pale yellow needles, m.p. 63-64°. 
It is fat soluble, and insoluble in water. It is unstable in air, light, and 
in the presence of rancid fats, but stable to alkalies. It has been 
reported that it is only slightly destroyed in canning processes. 

The structure for vitamin At has been confirmed by various syntheses, 
of which one is indicated : 2 - 3 


CH 3 ch 3 
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C CH 3 ch 3 
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1 Science Supplement, 93, 44 (1941). 

2 Milas, Science, 103, 581 (1946); U. S. pats. 2,368,156; 2,369,158; 2,369,159; 

2,382,085; 2,382,068. ' * ' 

3 Karrer, Jucker, and Schick, Helv. Chim. Acta, 29, 704 (1946); C.A., 40 4354 
(1946). 



90 


HYDROXYL DERIVATIVES OF HYDROCARBONS 


CH 3 

I 


CH 3 

I 


HC-CU CuHi 7 _ch—CH—C=CH C ^ kX C„H l 7 CH—CH—C=CMgX 

I I 

OH OH 

(65-70%) 


in liquid 
NHj at -60 


CH, CH, CH, 

o=cUc^c h 2 ° r CiiHi 7 qh—CH—C=C—C—CH2CH2OR 


OH 

(70-80%) 


I 

OH 


— 2 HaO 

(heating with 
i>-tolueneaulfonio 
acid) 


CH, CH a 

I I 

C11H17—C=CH—Ch=C—CH—C==CH—CH 2 OR 


selectivo 


hydrogenation with 


or Ni 


CH 3 CHa 

\ / 

C CHa CHa 

/ \ I I 

H 2 C C-CH=CH-C=CH-CH=CH-C=CH-CH 2 OR 

I II 

H a C C-CHa 

\ / 

CHa 

Vitamin Ai other 


The methyl ether is biologically as potent as the alcohol. 1 The cor¬ 
responding acid, synthesized by analogous routes, is reported to be half 
as active as the alcohol. 2 

The double bonds involving the carbon atoms bearing the side-chain 
methyl groups are trans-lrans, m.p. 63-64°. However, in fish-liver oils 
about 35 per cent of the vitamin appears as the trans-cis isomer, m.p. 
58-60°, which is known as neo-vitamin A. Ilats are able to convert 
the trans-cis vitamin into the more potent Irans-trans compound.* 

Appearing in nature with vitamin Ai and difficult to separate from it 
is an isomer known as vitamin A 2 . Vitamins Ai and A 2 are related to 

1 Hanze, Congor, Wise, and Weisblatt, J. Am. Chem. Soc., 68, 1389 (1946). 

* van Dorp and Arens, Rec. Irav. chim., 65, 338 (1946); C.A., 40, 6432 (1946). 

* Robeson and Baxter, J. Am. Chem. Soc., 69, 136 (1947). 
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each other as are lycopene and /3-carotene, as may be noted from a com¬ 
parison of their structures. 

CH 3 ch 3 
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CH CH—CH=CH—C=CH—CH=CH—C=CH—CH 2 OH 

I II ‘I 'I 
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\ / 
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Vitamin Aa 

The correctness of this structure is indicated by the fact that the per- 
hydrovitamin is identical with dihydrophytol and by the formation, in 
part, of acetone on ozonolysis. 1 Vitamin A 2 has an activity of 47,500 
U.S.P. units per gram, 2 or about a hundredth that of Ai. In rats, 
however, vitamin A* promptly relieves the symptoms of Ai deficiency: 
it restores rate of growth and heals xerophthalmia. Its administration 
appears to spare vitamin Ai. 3 

Since /3-carotene is twice as active as a vitamin A precursor as are the 
a- and 7 -isomers, it becomes obvious that the molecule must undergo 
fission in the center as indicated, but the mechanism of this reaction in 
the living organism is obscure, a - and 7 -Carotene undergo similar 
fission, but only half of each of them is capable of giving the vitamin; 
hence, although they are active they possess only half the activity of 
the 0-carotene. Since vitamin A* would appear to be formed naturally 
from the noncyclic moiety of 7 -carotene, one might expect a third isomer 
of the A vitamins, one containing the a-ionone cycle from a-carotene; 
this has not been reported. 

Vitamin A Aldehyde, also called axerophthal and suspected of being 
identical with retinine, has been prepared in vitro by heating vitamin A 
concentrate with aluminum isopropoxide in the presence of acetalde¬ 
hyde. 4 * 

Hepaxanthin, “ 574-chromogen,” also appears in liver oils. It is 
vitamin Ai epoxide. 6 

1 Karrer and Bretscher, Helv. Chim. Acta, 26, 1758 (1943); C.A.,38, 4603(1944). 

2 Jensen, Shantz, Embree, Cawley, and Harris, J. Biol. Chem., 149, 473 (1943); 
C.A., 38, 404 (1944). 

* Shantz, Embree, Hodge, and Wills, J. Biol. Chem., 163, 455 (1946); C.A ., 40, 
5119 (1946). 

4 Hawkins and Hunter, J. Chem. Soc., 7944, 411: C.A., 39, 63 (1945). 

6 Karrer and Jucker, Helv. Chim. Acta; 28, 717 (1945); C.A., 40, 1504 (1946). 
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The chief sources of vitamin A in nutrition, other than the carotenes, 
are the liver oils from cod, shark, halibut, burbot, percomorph, and other 
fishes, and concentrates prepared from the fish-liver oils. 

Cod Liver Oil, U.S.P., is obtained by refining the oil of Gaddus morrhua 
by chilling it to about 0° to separate most of the stearins as solids which 
are filtered out. The refined oil must contain not less than 850 U.S.P. 
units per gram. One per cent of added flavoring substances is per¬ 
mitted. 

Nondestearinated Cod Liver Oil, U.S.P., must meet the same require¬ 
ments as the official cod liver oil for vitamin A. It is the form in which 
much of the cod liver oil is imported and is not used directly to a 
great extent. 

Vitamin A concentrates are prepared by molecular distillation of the 
fish-liver oils, whereby the natural esters of the vitamin may be obtained 
in high concentration. These concentrates may then be incorporated 
into tablets, placed in capsules, or dissolved in oil alone or admixed with 
other vitamins to provide a wide variety of suitable dosage forms. 
(SeeN.N.R., “ Fish Liver Oils, Preparations and Concentrates.”) 

Oleovitamin A., U.S.P., is a solution of natural vitamin A in oil. It 
contains about 57,500 units of vitamin A and about 1000 units of vitamin 
D in each gram. Oleovitamin A is usually administered in capsules. 


Carotenols 

Alcoholic derivatives of the carotenes, called carotenols, occur rather 
widely distributed in nature and are quite as abundant as the carotenes 
themselves. Because £>f their yellow color they are also known as 
xanthophylls. The structures of Some of these compounds are known; 
of others the exact location of the hydroxyl groups has not been deter¬ 
mined. Rubixanthin, C4oH 6 60, is tf-hydroxy-0-carotene; zeaxanthin, 
C 40 H 66 O 2 , is 3,3'-dihydroxy-/3-carote$e; xanthophyll, C4 oHb 6 0 2 , is 3,3'- 
dihydroxy-a-carotene. 
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Of these carotenols, only rubixanthin possesses vitamin A activity, for, on fission 
as indicated for /3-carotene, it forms one molecule of vitamin A. 

In contradistinction to mammals, birds appear to utilize the carotenols and not 
the carotenes. For example, Leghorn chickens fed on a carotenoid-free ration pro¬ 
duce eggs with nearly colorless yolks. Addition of carotene or of lycopene to the diet 
has no effect on the color, but the feeding of xanthophyll or zeaxanthin rapidly restores 
the color to the yolk. If molting canaries are fed on a carotenoid-free diet, the new 
feathers will be nearly white. The color will be gradually restored by allowing the 
bird to ingest xanthophyll or zeaxanthin, but not by feeding carotene or lycopene. 
Rupture of the bond between the carotenol and protein accounts for the change in 
color when crustaceans are boiled. 

Reinvestigation of the carotenoid pigments of the flowers of Tagetes palula re¬ 
vealed the presence of a new compound, rubichrome, for which the following structure 
is proposed :> ® 
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THE STEROLS 

sterols comprise a large group of naturally occurring substances 
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Sterols occur in every cell of plant or animal origin. They appear to 
be absent from the cells of bacteria, and so it can be said that they are 
present in every cell with a developed nucleus. The sterols of animal 
origin are known as zoosterols, those of plant origin as phytosterols, 
and those from fungi as mycosterols. The close relationship between 
these sterols is shown by a comparison of their formulas. Their chem¬ 
istry is now quite well understood. They undoubtedly play a very 
important part in all life processes. The more important products 
derived from the sterols are considered under appropriate headings, such 
as the cardiac glycosides, bile acids, etc. 

Cholesterol is the principal animal sterol. Stigmasterol is widely 
distributed in plants. Ergosterol, found also in ergot, is the principal 
yeast sterol. 

Cholesterol, U.S.P. (Cholesterin), and its esters are used in ointment 
bases to render them hydrophylic, i.e., to form water in oil emulsions. 

Vitamin D has been shown to consist of several distinct but closely 
related chemical substances. McCollum and his associates named the 
antirachitic substance in cod liver oil “ vitamin D, ” and the term has 
been retained and applied by custom to include all antirachitic sterol 
substances. Discovery of the fact that certain sterols such as choles¬ 
terol, from the unsaponifiable matter of animal fats, and ergosterol, 
from ergot and yeast, became antirachitic upon exposure to ultraviolet 
irradiation has led to the introduction of a number of products. 7-De- 
hydrocampestrol upon irradiation with ultraviolet light yields an antira- 
chitically active product which is about 0.1 as potent as vitamin D 2 
from ergosterol. 1 The chemical changes produced in ergosterol by 
ultraviolet irradiation may be represented as follows: 

Ergosterol —> Lumosterol —► Tachysterol —> Calciferol —► 
Toxisterol —► Suprasterols 

Of these substances, only calciferol is strongly antirachitic. Calciferol 
is also known as vitamin D 2 and it is marketed as irradiated ergosterol 
in oil. Vitamin D 3 is natural vitamin D, or activated 7-dehydrocholes- 
terol, found in fish-liver oils. Vitamin D 4 is activated 22-dihydroergos- 
terol (22-dihydrocalciferol). The relationship between some of these 
compounds is illustrated by the formulas: 

1 Ruigh, J. Am. Chem. Soc., 64, 1900 (1942). 
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From what has been said and from the formulas given, it is evident 
that 7-dehydrocholesterol is the natural precursor of vitamin D, and it is 
from this substance that the vitamin D activity is derived on exposure 
of the skin to sunlight or ultraviolet light. 7-Dehydrocholesterol may 
be obtained by boiling acetylcholesterol in acetic acid with quinone 
under the influence of mercury light. 1 Another synthesis prepares 
7-bromocholesteryl acetate, which on heating with diethylaniline loses 
hydrogen bromide; the resulting 7-dehydrocholesteryl acetate is then 
hydrolyzed. 2 

Good sources of vitamin D are the fish-liver oils (cf. Cod Liver Oil), 
butter, egg yolk, irradiated milk, and liver. 

» Mazza and Migliardi, Quad . nutriz., 8, 85 (1941); C.A., 37, 3762 (1943). 

Henbest, Jones, Bide, Peevers, and Wilkenson, Nature, 158, 169 (1946). 
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The official unit is equivalent to 0.025 y of pure vitamin D 2 . The 
U.S.P. Reference Cod Liver Oil contains about 85 units per gram but 
the potency of samples varies. 

Deficiency of vitamin D is caused chiefly by inadequate intake. This 
may be caused by poverty which prevents the poor from purchasing 
those relatively expensive foods listed as rich in vitamin D. Individuals 
living in crowded cities where the streets are narrow and where smoke 
and dust prevent the penetration of the ultraviolet rays of the sun do not 
secure the vitamin D formed in the skin by the sun’s rays. Inadequate 
absorption due to disease and abnormal requirements in disease and 
during pregnancy and lactation are other factors that predispose to 
deficiency. 

The daily requirements of vitamin D have been suggested as follows: 
Infancy and childhood 400 to 1,000 U.S.P. units 

Adolescence and maturity 400 to 800 U.S.P. units 

Pregnancy and lactation 1000 to 3,000 U.S.P. units 

Acute deficiency 3000 to 60,000 U.S.P. units 

The toxicity of vitamin D preparations is relatively low. Some cases 
of toxic effects have been reported in human subjects but it is believed 
that many of these are caused by impurities (tachysterol, toxisterol, 
dihydrotachysterol, etc.) rather than by the vitamin itself. 

Vitamin D 3 or natural vitamin D occurs in various fish-liver oils along 
with vitamin A (cf. Vitamin A and Cod Liver Oil, p. 92). It consists 
of white crystals, m.p. 82-84°, levorotatory, soluble in alcohol, acetone, 
and ether, but insoluble in water. It cannot be saponified, and it is pre¬ 
cipitated by digitonin. These properties are characteristic of the true 
sterols. 

Synthetic Oleovitamin D, U.S.P., is a solution of activated ergosterol 
(vitamin D 2 ) or activated 7-dehydrocholesterol (vitamin D 3 ) in an 
edible vegetable oil. It must contain at least 10,000 units of vitamin 
D in each gram. Viosterol is an oil solution of activated ergosterol of 
similar potency. \ 

Concentrated Oleovitamin A and D, U.S.P., may be a fish-liver oil, or a 
solution of a fish-liver oil or concentrates of vitamins A and D in an 
edible vegetable oil. It contains about 57,500 units of vitamin A and 
about 11,500 units of vitamin D in each gram. It is usually admin¬ 
istered in the form of capsules. 

Oleovitamin A and D, U.S.P., may be a fish-liver oil, a mixture of 
a fish-liver and an edible vegetable oil, or a solution of concentrates of 
vitamins A and D in an edible vegetable oil or in fish-liver oil. It con¬ 
tains about 1000 units of vitamin A and about 100 units of vitamin D 
in each gram. 
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Vitamin D and preparations containing this vitamin are used in the 
treatment and prophylaxis of rickets and tetany. There is good evidence 
that vitamin D along with the parathyroid hormone regulates calcium 
and phosphorus metabolism and that it is an essential factor in the 
mechanism controlling growth and mineralization of the teeth and bones. 
Consequently, it is used in a number of conditions believed to be caused 
by faulty calcium and phosphorus metabolism, such as dental caries and 
arthritis. Some cases of psoriasis have been reported to be improved by 
massive doses of vitamin D. A number of dosage forms of viosterol 
are described in N.N.R. 

AROMATIC ALCOHOLS 

% 

Aromatic alcohols structurally are aliphatic alcohols in which a hydro¬ 
gen attached to a carbon has been replaced by an aromatic hydrocarbon 
radical. They may be regarded as aryl derivatives of carbinol and often 
are so named. They have the properties of the aliphatic alcohols which 
have already been discussed. The chief marked difference is that the 
H and OH when alpha to the aromatic ring are unusually active. 

Products 

Benzyl Alcohol, N.F., N.N.R. (Phenylmethanol, Phenylcarbinol), 
CeHsCHiOH, b.p. 200 206°, occurs as the esters of benzoic and cinnamic 
acids in balsams of Peru and tolu, in many volatile oils, storax resin, etc. 
It is soluble about 1 to 25 in water and is soluble in fixed oils and miscible 
with alcohol, ether, and chloroform. It is synthesized by heating benzyl 
chloride with a base, 

2C«H 5 CH 2 C1 + Ca(OH) 2 —► 2C 6 H 6 CH 2 OH + CaCl 2 

It is markedly antiseptic and has a local anesthetic action on mucous 
surfaces and when injected. In low concentrations, it is nontoxic and 
relatively nonirritant, but the concentrations necessary for strong local 
anesthesia on injection are irritant. It is used in ointments, usually 
about 10 per cent, to relieve the itching of dermatitis and pruritis. It is 
also used in solutions for injection in concentrations of 1 to 4 per cent 
as an antiseptic stabilizing agent and to relieve pain on injection. 

0-Phenylethyl Alcohol (Phenylethanol, Benzylcarbinol, Phenethyl 
Alcohol), C6 H b CH 2 CH 2 OH, is found in rose oil and oil of neroli; 
because of its excellent and pleasant odor it is very useful as a perfume. 

It has been reported to be more anesthetic than benzyl alcohol and of 
about the same toxicity. 1 A convenient synthesis has been developed, 

1 Hjort and Eagan, J. Pharmacol, 14, 211 (1919). 
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i.e., the reaction of phenylmagnesium chloride with ethylene oxide: 

CeHsMgCl + CHo-CH 2 —> C 6 H 5 CH 2 CH 2 OH 

\ / 

O 

Cinnamyl Alcohol (3-Phenyl-2-propene-l-ol), C 6 H 5 CH=CHCH 2 OH, 
appears as the cinnamic ester in storax. The free alcohol is a crystalline 
compound with a hyacinthlike odor. 

Methyl-/>-tolylcarbinol, CH 3 —CHOH—C«H 4 CH 3 , is the active in¬ 
gredient of a water-soluble extract of Curcuma domestica (temoe lawak), 
which has been shown to have choleretic properties. 1 

. PHENOLS 

Phenols are compounds in which the hydroxyl group is substituted 
directly into the aromatic nucleus. The more common phenols, with 
names and properties, are listed in Table 15. 

TABLE 15 


Phenols 


Common 

Name 

Other Names 

Melting 

Point 

°C. 

Boiling 

Point 

°C. 

Specific 

Gravity 

Phenol 

Hydroxy benzene, phenyl hydrox¬ 
ide 

41 

182 

1.071,6 

o-Cresol 

o-Hydroxytoluene, 2-methyl- 
phenol, l-hydroxy-2-methyl- 
benzene 

30.1 

190.8 

1.051 

m-Cresol 

m-Hydroxytoluene, 3-methyl- 
phcnol, l-hydroxy-3-methyl- 
benzene 

10 

202.8 

1.035 

p-Cresol 

p-Hydroxy toluene, 4-mcthylphe- 
nol, l-hydroxy-4-methylbenzene 

34.8 

201.1 

1.039,6.. 

Catechol 

1,2-Dihydroxybenzene 

105 

245 

1.344 

Resorcinol 

1,3-Dihydroxybenzene 

110 

276.5 

1.285,6 

Quinol 

1,4-Dihydroxybenzenc, hydro- 
quinone 

170.5 

286.2 

1.332,6 

Guaiacol 

1 -Hydro xy-2-mct hoxy benzene, 
catecholmonomethylether, 

2-met hoxyphenol 

28 

205.1 

1.143,6 

a-Naphthol 

1-Hydroxynaphthalene 

96 

280 

1.099 M ., 

0-Naphthol 

2-Hydrox>*napht halene 

122 

286 

1.217 

Pyrogallol 

1,2,3-Trihydroxybenzene 

134 

309 

1.453 

Thymol 

2-Isopropyl-5-methylphenol 

51.5 

231.8 

0.969 

Carvacrol 

5-Isopropyl-2-methylphenol 

0.5 

237.9 

0.976 


1 Kalk and Nissen, Deut. med. Wochschr., 58, 1718 (1932). 
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Thymol and carvacrol (both containing the p-menthane carbon skele¬ 
ton) occur naturally. Thymol is found in oil of thyme, and carvacrol is 
the chief constituent of oil of origanum. Chavicol, p-allylphenol, is 
present in bay oil and in oil of betel leaves. Catechol is found as a 
constituent of the catechu resins and in certain tannins. Resorcinol 
occurs as a constituent of many resins and tannins. Phloroglucinol 
occurs in some natural resins and in the glucoside, phloridzin. Pyrogal- 
lol is found in some tannins. Numerous compounds that may be 
regarded as derivatives of the phenols occur in natural products, e.g. 
phenolic ethers, aldehydes, ketones, and acids. The other phenols 
listed in Table 15 are not found as such in nature; they, as well as all 
the other phenolic bodies, are obtained by direct synthesis or by degrada¬ 
tion of other compounds. Thus phenol and the three cresols arc ob¬ 
tained by the distillation of coal, and they are the chief components of 
the so-called tar acids; guaiacol is a constituent of wood tar; pyrogallol 
is obtained by the pyrolytic decarboxylation of gallic acid, 3,4,5-trihy- 
droxybenzoic acid. The other tabulated phenols are obtained by syn¬ 
thetic procedures. 


Preparation 

The hydroxyl group may be introduced into an aromatic nucleus by 
various methods: 

1. Fusion of the aromatic sulfonic acids with alkali: 

ArH + HjSO. —> Ar-S0 3 H ArOH 

In a similar manner disulfonic acids will yield diphenols. 

2. Fusion of aromatic halogenatcd hydrocarbons: 

alkali 

Ar—X —► Ar—OH 

3. The replacement of an aromatic amino group by a phenolic hydroxyl, 
see page 312. 

The aromatization of cyclic ketones and cyclic alcohols yields phenols. 
This may be accomplished by means of sulfur, selenium, or, under less vigorous 
conditions, with palladium catalyst. 1 

Properties 

As a general rule, the chemical properties of the phenolic hydroxyl 
group are similar to those of the alcoholic hydroxyl. There is one de- 
cided difference. It has been pointed out that sodium reacts with 
alcohols to liberate hydrogen and form sodium alkoxides; these are 

1 Horning and Horning, J. Am. Chem. Soc., 69, 1359 (1947). 
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unstable in water. The phenolic hydroxyl is sufficiently acid so that 
it will react with aqueous solutions of alkali to form sodium salts of the 
phenols, for example, NaOCeH*. Other phenols form analogous salts. 
These alkali phenoxides are soluble in water, but they are salts of what 
may be called very weak acids, and, on the addition of carbon dioxide to 
their solutions, the phenol is liberated. 

It is this slightly acidic property which is responsible for the fact that phenol is 
sometimes known as carbolic acid, and for the designation as “ tar acids ” of the 
fraction obtained from coal tar which contains the lower phenols. 

Nearly all phenols, in solution, give a color reaction with ferric chlo¬ 
ride, the depth and shade of the color varying with the phenol. 

Phenol has come to be an important industrial material, for example, 
the phenolic-aldehyde resins (Bakelite) are widely used and extensively 
applied. However, it is because of their antibacterial properties that 
phenols are of particular interest to pharmaceutical chemists. 

Antiseptic Activity 

Modern antisepsis began with Lord Lister (1865), who learned from 
Pasteur about bacterial infection and was the first to use phenol in 
combatting infection in surgery. The next natural development was 
to use the cresols, thymol and carvacrol. The next great advance was 
made about half a century later, when Johnson and Lane 1 reported that 
in a series of homologous alkylresorcinols the antiseptic potency in¬ 
creased with increase in the size of the alkyl. This discovery led, quite 
naturally, to the synthesis and examination of all manner of alkylated 
phenols, and the journals abound with original data regarding syntheses 
and bactericidal properties, and numerous patents have been issued 
covering nearly every conceivable phenolic derivative. These com¬ 
pounds have been evaluated, in practically every instance, for their 
antiseptic properties in terms of a standard known as a “ phenol 
coefficient. ” 

The term phenol coefficient is a ratio of bactericidal activity of the modified phenol 
as compared to phenol itself. Since the conditions of the test, the nature of the 
culture medium, the type and viability of the organisms, temperature, etc., influence 
the results so greatly, the official procedure is rather strictly prescribed. Even with 
the observance of these strict injunctions, it is often impossible for reputable workers 
in different laboratories to check each other’s results within desirable limits. Never¬ 
theless, the phenol coefficient of an antiseptic permits convenient comparison of the 
relative activities of phenolic compounds; however, it does not allow much conclusion 
as to the choice of any particular antiseptic for a specific condition. 

1 J. Am. Chem. Soc., 43. 348 (1921). 
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The official method of assaying phenolic antiseptics for their potencies is described 
in Circular 198, United States Department of Agriculture, entitled United States 
Food and Drug Administration Methods of Testing Antiseptics and Disinfectants, 
December 1931. It is estimated that in the official test for antiseptics, approxi¬ 
mately 3 X 10'* molecules of phenol are required to kill one organism. 

Table 16 is compiled from various sources and from various data. 
Since all the results were obtained under conditions which do not justify 
strict comparison, the table is given only to show relative effects and to 
justify general conclusions as to the effect of chemical structure on bac¬ 
tericidal activity in the phenolic compounds. 

On the basis of available data (more than are included in Table 16), 
several generalizations may be permitted: 

1. Practically every phenolic compound possesses antibacterial 
properties. 

2. As a rule the introduction into the phenolic molecule of groups or 
substituents such as alkyl, alkoxyl, alkylthiol, and halogen increases the 
bactericidal activity; the larger the alkyl group, the greater the anti¬ 
septic activity. 

3. For a given alkyl group the greatest activity is found with the 
normal primary alkyl group; the isoalkyl groups are less active; activity 
decreases when the alkyl group is secondary; least activity is found in 
the tertiary alkyl groups. 

4. A second phenolic hydroxyl group decreases the activity by approx¬ 
imately two-thirds. Thus resorcinol is about a third as active as phenol; 
n-hexylresorcinol with a phenol coefficient of approximately 70 is about a 
third as active as n-hexylphenol with a coefficient of about 200. The 
alkylpyrogallols and alkylphloroglucinols are still less active. 

6. There is some indication of specificity, that is, preferential activity 
against certain types of organisms. But the evidence is not sufficiently 
clear cut to justify definite conclusions. 

( 6. The introduction of an hydroxyl group into the benzene ring de¬ 
creases the narcotic and increases the convulsant activity. Prolonged 
exposure to low concentrations of phenol may lead to injury to the 
kidney and to nutritional disturbances. Contact of phenol with the 
skin, except in diluted solutions, causes irritation, and, if the contact is 
prolonged, necrosis may result. The toxicity of phenols is decreased by 
hydrogenation, etherification of the hydroxyl group, and alkylation of 
the ring. ^ 
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TABLE 16 


Antiseptic Activities of Phenols 


Phenol 

Boiling 

Point 

Melting 

Point 

Phenol Coefficient 



°C. 

°C. 

B. typhosus 

S. aureus 

Phenol 

182 

41 


1 


p-Cresol 

202.8 

34.8 


2 - 2.5 (1,2,3,) 

p-Ethylphenol 

219 

46 


6 3- 7.8 (1,2.3) 

p-n-Propylphenol 

233 

22 

18.3- 21 6 

16.3- 24 

(1,2,3) 

p-n-Butylphenol 

246 -250 

— 

46.7- 70 

44-52 

(1,2,3,4) 

p-n-Amylpheno 

262 

<0 

53. -197 

125 - 139 

(2,3,5) 

p-n-Hexylphenol 

155,* 

— 

33 -500 

313 - 375 

(2,3,5) 

p-n-Heptylphenol 

165,* 

— 

17 -20 

625 

(2,3) 

o-n-Butylphenol 

234 -237 

— 

75 

52 

(2,4) 

m-n-Butylphenol 

247 -249 

— 


52 3 

(4) 

p-sec-Butylphenol 

241 

61 - 62 

— 

27.5 

(4) 

p-ter*-Butylphenol 

236 -238 

99 

— 

19 - 22 

(4) 

Resorcinol 

277 -281 

110 

— 

0.3- 0.37(5) 

4-Ethylrcsorcinol 

131,* 

97 - 98 

— 

1.5- 1.6 

(5,6,7) 

4-n-Propyl resorcinol 

172 -174,* 

79.2- 79 4 

4 8 

4.3- 5 

(5,6,7) 

4-n-Butylresorcinol 

196 -200 2 , 

51.4- 51.7 

15 

8-22 

(5,6,7) 

4-n-Amylresorcinol 

168 -170* 

72 - 73 

47 

30.3- 33 

(5,7) 

4-n-IIexylresorcinol 

4-n-Heptylresor- 

178 -180, 

62 - 62.6 

147 

46 - 98 

(5,7,8) 

cinol 

— 

70.4- 70.8 

350 

24 - 295 

(5,7,8,9) 

4-n-Octylresorcinol 

— 

70 2- 70 4 

400 

0 - 690 

(5,8) 

4-n-Nonylresorcinol 

— 

72 5- 73 

— 

0 -1000 

(5,8) 

4-Benzylresorcinol 

— 

76 - 77 

18.3 

11.3 

(10) 

4- Isohexylresorcinol 
4-Cyclohexylrcsor- 

182 -183* 

69.5- 70 

105 

27 

(5,8) 

cinol 

— 

124 -125 

— 

24-27 

(9) 

4-n-Hexylcatechol 

— 

164 -169 

— 

129 

(ID 

4-n-Hexylpyrogallol 

n-Hexylphloroglu- 

' 

104 -105 


26 

(12) 

cinol 

— 

— 

— 

8 

(13) 

4-n-IIexyloxyphenol 

48 

— 

18 

67 - 100 

(4,14) 

3-n-Hexyloxyphenol 

145* 

— 

46 

125 

(15) 

2-n-Hexyloxyphenol 

4-Chloro-2-n-hexyl- 

114 -116j.» 

“ 

17 

28 

(16) 

phenol 

2-Chloro-4-n-hexyl- 

132, 


23 

1250 

(17) 

phenol 

2-Methoxy-4-n- 

273 -275 


23.3 

444 - 500 

(3,18) 

hexylphenol 

4-F1 uoro-2-n-he xy 1- 

165 -167,* 


9 


(2) 

phenol 

4-n-Hexylthio- 

— 

" 

62 


(21) 

phenol 

— 

58 

40 

200 - 230 

(19,20) 

5-n-Hexylresorcinol 

— 

— 

22 

49 



Notes on following page 
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A most interesting investigation in the field of phenols has been l 
the vermicidal and vermifugal properties, carried out with the aid ol the 
Rockefeller Foundation and under the direction of Dr. Lamson. I his 
work shows that many of the alkylated phenols are ascancides and that 
they are effective in treating hookworm infestations. The. best of all 
the compounds is hexyl resorcinol, which is usually effective in one dose, 
and practically always effective if a second dose is administered. 


Monohydroxy Phenols 

Phenol, U.S.P. (Carbolic Acid), C.H.OH, is a crystalline solid, m.p. 
41 - 42 °, with a characteristic odor. It often turns pink or red, owing to 
partial oxidation. It sublimes slowly and is readily distilled with 
steam. 

Runge (1834) discovered phenol in coal tar and called it carbon-oil acid, or carbolic 
acid. He also observed the physiological properties it possessed in common with 
creosote. Laurent, in 1841, first obtained it pure and gave it the names “ hydrate de 
phenyle ” or “acide phenique,” from the Greek “to illuminate,” probably because 
it occurs in the tar produced in the manufacture of illuminating gas. Gerhardt, who 
prepared it from salicylic acid, introduced the name phenol, indicating thereby that 
it was an alcohol. In 1867, Lister, of Glasgow, showed its great importance in 
surgery as a disinfectant. 


It may be prepared by any of the general methods already mentioned. 
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It is also obtained from coal tar. In order to obtain the colorless 
crystals of the pure substance, the crude carbolic acid is fractionated. 

Phenol is used as an antiseptic in solutions of § to 3 per cent strength 
to check bacterial growth as in gargles and lotions, e.g., Phenolaled 
Calamine Lotion, N.F.; Phenolaled Water, N.F.; Antiseptic Solution, 
N.F.; Alkaline Antiseptic Solution, N.F.; and Dobell's Solution, N.F. 
The mild local anesthetic action of phenol is utilized in the form of 
lotion and ointment, e.g., Phenolaled Oil, N.F. and Phenol Ointment, 
U.S.P. in the treatment of itch. For the relief of earache, a 3 to 5 per 
cent solution in glycerol or olive oil is used. In high concentrations, 
phenol is caustic and it acts as a general protoplasmic poison. In¬ 
ternally, it is rapidly absorbed and so has little value as an intestinal 
antiseptic. The advent of more efficient antiseptics and analgesics 
has caused the use of phenol to decline. 

Liquefied Phenol, U.S.P. (Liquefied Carbolic Acid), is a solution of 
water, 10 per cent, in phenol. It is a convenient solution in the prepara¬ 
tion of more dilute phenol solutions, etc. 

Alphanaphthol (a-Hydroxynaphthalene) has a phenol coefficient 
slightly greater than phenol. A preparation known as Benetol con¬ 
sisting of a solution of this phenol in glycerol and soft soap is used as a 
disinfectant and deodorant in the forms: solution, capsules, tablets, 
ointment, vaginal suppositories, etc. 


Betanaphthol, U.S.P. (/3-Hydroxynaphthalene), with its a-isomer, 
occurs as a constituent of coal tar. It is prepared by the fusion of 
/3-naphthalenesulfonic acid with alkali (see page 99). It is a crystalline 
solid, m.p. 120-122°, soluble about 1 : 1000 in water and readily solu¬ 
ble in alcohol, ether, and chloroform. It sublimes readily when heated. 

It is reported to be much more effective as an antiseptic than phenol. 
It is irritant to the skin and mucous surfaces when applied in solution. 
Toxic results such as kidney irritation, eye damage, and reduction in 
the red blood cells have been reported from its absorption. It is used 
externally in the form of dermatological pastes and ointments 1 to 10 per 
cent for the treatment of acne, psoriasis, and other skin diseases. In¬ 
ternally, it is used as an anthelmintic in the treatment of hookworm 
infections, but it is inferior to thymol. 
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Dihydroxy Phenols 

The dihydric phenols resemble the monohydric in most of their chemi¬ 
cal properties. The presence of a second hydroxyl group increases the 
solubility in water, and, when the hydroxyls are in the ortho or para posi¬ 
tion, the compounds are very easily oxidized; the ortho and para com¬ 
pounds are valuable reducing agents which serve as developers in 
photography. The three isomers are important constituents of drugs, 



OH 

Cttochol. Resorcinol. Ouinol, 

(v hydroxy phenol m-hydroxyphenol p-hyaroxyphenol 

The activities of the dihydric phenols are more intense than that of 
phenol, and the same orientation influences mentioned later in the 
cresols seem to hold; e.g., in the frog and in the guinea pig the M.L.D. 
of catechol and quinol are equal and about half that of resorcinol. 

Catechol (Pyrocatechin, o-Dihydroxybenzene) occurs in a number of 
resins, especially catechu. It is the most toxic of the three dihydric 
phenols. It is not used as such in medicine but it is used in the form 
of its monomethyl ether, guaiacol. 

Quinol (Hydroquinone, p-Dihydroxybenzene) is also toxic, but less 
so than catechol and more so than phenol or resorcinol. It is used 
medicinally only in the form of derivatives such as the glycoside arbutin 
from Uva ursi. 

Resorcinol, U.S.P. (Resorcin, m-Dihydroxybenzene), is less toxic 
and less irritant than the other two isomers. It is used as such and in 
the form of derivatives. It consists of white crystals that turn pink on 
exposure to air and light, m.p. 109-111°, soluble in water 1:0.9. 

It has been used internally as an intestinal antiseptic. It is used 
chiefly by external application in the form of pastes, e.g., Mild and 
Strong Resorcinol Paste , N.F. , and in the form of ointments, e.g., Com¬ 
pound Resorcinol Ointment , N.F. , in the treatment of skin diseases such 
as eczema, psoriasis, and acne, and in hair tonics to treat alopecia and 
seborrhea. 

Resorcinol Monoacetate, N.F., N.N.R. (?n-Hydroxyphenyl Acetate 
“ Euresol ”), l,3-C6H 4 OH*OOCCH3, is a lemon-colored oily liquid, 
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slightly soluble in water but soluble in alcohol, acetone, and most organic 
solvents. It is used in the form of ointments, solutions, and lotions 
for the same purposes as resorcinol but is reported to be less irritant 
and to give a more prolonged effect because the resorcinol is gradually 
liberated by the hydrolysis of the ester. 


Trihydroxy Phenols 

The three isomeric trihydric phenols are not used extensively aa 
medicinal agents. 



The introduction of a third hydroxyl group as in phloroglucinol de¬ 
creases the toxicity; phloroglucinol is the least toxic of the di- and tri¬ 
hydric phenols. Whether the substituted group is hydroxyl or not, 
it seems that substitution in the mcta position yields the least toxic 
compound. In phloroglucinol the maximum number of mela arrange¬ 
ments gives a relatively nontoxic product in terms of minimum lethal 
dose. However, as the number of hydroxyl groups attached to the 
benzene ring increases, the hemolytic activity of the compounds 
increases. 

Pyrogallol, N.F. (Pyrogallic Acid), is made by heating gallic acid 
to decarboxylate it: 


OH 

It is a white powder turning slightly gray on exposure to air and light, 
m.p. 130-133°, b.p. 309°, readily soluble in water 1 : 1.7 and in alcohol 
and ether. It is a powerful reducing agent; this property is utilized 
in gas analysis for the absorption of oxygen. It is an irritant, antiseptic, 
and caustic, producing a black stain when applied. It is used in the form 
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of solutions, lotions, and ointments in the treatment of psoriasis, nng- 
™ and parasitic diseases of the skin and to a considerable extent in 
hair dyes. It is readily absorbed and may produce toxic symptoms 
unless used with caution and in moderate amounts. 

LenigaUol, N.N.R. (Pyrogallol Triacetate), l,2,3-C.H,(OOCCHj)», 
is a white, crystalline powder, m.p. 165°, insoluble in water, prepare >y 
acetylating pyrogallol with acetic anhydride in the presence of sodium 

^It is used for the same purposes as pyrogallol, usually being applied 
externally in the form of a 5 to 15 per cent ointment with zinc oxide. 
It is reported to be nontoxic and slightly irritant, producing its effect 
by the gradual liberation of pyrogallol as the ester is hydrolyzed. 

Phloroglucinol (sym-Tri hydroxy benzene) is not used medicinally. It 
occurs as a constituent of many resins and as the aglucon in the glucoside, 
phloridzin. 

F OH OH OH 



Anthralio 


Anthralin, N.N.R. (Cignolin, 1,8,9-Anthratriol), m.p. 175-181°, is an 
odorless and tasteless yellow, crystalline powder, insoluble in water, 
slightly soluble in alcohol and ether, and soluble in chloroform and 
acetone. It forms yellowish-orange-colored fluorescent solutions in 
sodium hydroxide which oxidize readily in air. Anthralin is used by 
local application 0.1 to 1 per cent strength in cream and ointment form 
to treat psoriasis and dermatosis. It has less tendency to discolor the 
skin and cause dermatitis than chrysarobin. 


Alkylated Phenols 

The alkylation of phenols is accomplished by different methods, de¬ 
pending on the availability of the intermediates and the nature of the 
product desired. These procedures may be summarized: 

1. The condensation of unsaturated hydrocarbons with phenols. Under this 
heading are included the preparation of alkylated phenols by condensation 
of phenols with: 

(a) Unsaturated hydrocarbons, for example: 

HO-C 6 H 5 + CH 3 CH=CHCH 3 —>• HO—C 6 H 4 —CH—ch 2 —ch 3 

I 

CH 3 
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This condensation is catalyzed by agents such as zinc chloride, aluminum 
chloride, etc. 

(6) Alcohols. This reaction probably is preceded by the dehydration of the 
alcohol, by means of the condensing agent, forming an unsaturated hydro¬ 
carbon; after this the reaction proceeds as indicated in (a). 

(c) Alkyl halides or halogenated hydrocarbons. Here also the condensation 
is probably preceded by the formation of an olefin, with the elimination of 
hydrohalogen acid. 

In this condensation, the entering alkyl group is always secondary, as in¬ 
dicated in the example given, or, if a tertiary carbon atom is part of the ole- 
finic linkage, the alkyl enters as a tertiary group. Therefore, if in the above 
example the olefin were 1-butene, the product would be sec-butylphenol; 
if it were isobutylene, the product would be tert-butylphenol. teri-Butyl- 
phenol is also obtained from isobutyl or terf-butyl alcohols or the correspond¬ 
ing halides. 

The products formed by this type of condensation are mixtures of o- and 
p-alkylphenols; the proportion of each isomer may, to some extent, be influ¬ 
enced by the conditions under which the condensation is carried out. 

The position taken by the entering alkyl group is governed by the Crum Brown- 
Gibson rule. 1 According to this principle a substituent in benzene whose hydride is 
easily oxidizable in a one-stage process to a stable product directs the entering group to 
J,he meta position; e.g., in C»HiX, if HX may be oxidized in one stage to HOX, the 
entering group takes the mtla position with respect to X. On the other hand, if HX 
is not directly oxidizable to HOX, the entering group will take the ortho and para 
positions. 


2. The formation of hydroxyphenyl ketones which are then reduced by chemical 
means to the corresponding alkyl phenols. This reaction is indicated by the 
steps: 

C*H&OH + Cl—CO—R —► CJHs—0—CO—R 

Est*r 


CsHb— 0—CO—R — 
HO—CeH«—CO—R 


AlCIi 


rearrangement 
Zn-Hg + HCI 


> HO—C 6 H 4 CO—R 


Cle 


reduction 


HO—C«H 4 —CH 2 —R 


This method of preparation makes it possible to synthesize primary alkyl 
phenols. 

Here, also, the position taken by the entering acyl group is governed by the Crum 
Brown-Gibson rule. Accordingly, this method permits the formation of ortho and 
para primary alkyl phenols. 

The Fries isomerization reaction is a special application of the Friedel- 
Crafts reaction. If the phenolic compound is resorcinol, the formation of the 
2,4-dihydroxyphenylalkyl ketone takes place very readily, and hydrogen 

Chem. Soc., 61, 367 (1892). 
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chloride with zinc chloride may be used as the condensing agent instead of 
aluminum chloride. Hence, the preparation of hexyl resorcinol, for example, 
is carried out according to the following steps: 



+ HO—CO —CH2CH2CH2CH2CH3 

H Caproic acid 


OH 



COCsHu 

Caproylreaoroinoi 



CH2CH2CH2CH2CH2CH3 

Hexy lrcaor ci no 1 


The Clemmcnsen method 1 of reducing the —CO— group to — CHi—- depends 
upon the use of amalgamated zinc with an acid like hydrochloric acid. It is capable 
of quite broad application for the reduction of carbonyl groups to the corresponding 
methylene derivatives. 

The alkylated phenols and products derived from them are used 
extensively as antiseptics and bactericides. The simplest of these, the 
isomeric cresols, 



have been prepared synthetically but they are not used singly as anti¬ 
septics since they are more expensive than the mixture obtained from 
coal tar. 

The alkylation of phenols alters the toxicity and antiseptic activity. 
Of the cresols, the meta compound is least toxic whereas the ortho and 
para isomers have different activities in different animals; e.g., the 

l Ber., 4<5, 1838 (1913); 47, 51, 681 (1914). 
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M.L.D. of o~ cresol in the rat is greater than that of the para compound 
whereas in the dog the M.L.D. is greater for the para compound. The 
germicidal activity of the alkylated phenols is inhibited by soaps pre¬ 
pared from unsaturated fatty acids; there is no such inactivation in the 
presence of saturated fatty acid soaps. 1 

When two alkyl groups are present as in the xylenols, the activity is 
decreased. Likewise, in compounds such as thymol and carvacrol, the 
activity is decreased so that the compounds are less toxic than the 
xylenols. 


Products 

Cresol, U.S.P., is a mixture of o-, m-, and p-hydroxytoluene obtained 
from coal tar. It is obtained from the middle layer or carbolic oil 
layer (cf. Phenol, page 103) from which the fraction distilling between 
195° and 205° is separated. 

Cresol resembles phenol in properties, but, since it Js less soluble in 
water (about 1 : 50), soap solutions are usually employed, e.g., Sapo- 
natcd Solution of Cresol, U.S.P. Various proprietary products such as 
Lysol, Creolin Pearson, and Phenoco, N.N.R., are mixtures of cresols 
or homologs of cresol in soap solution. 

Cresol is a stronger antiseptic than phenol and more economical. In 
the form of soap solutions and emulsions, it is used as an antiseptic for 
minor cuts and wounds, for the disinfection of hands, instruments, and 
discharges, as a deodorizer in toilets, etc. It is also used in dilute solu¬ 
tion, usually 0.5 to 1 per cent, for irrigations and as a douche. It is 
extensively used as an antiseptic in veterinary medicine. It is also used 
as a preservative, e.g., in serums (about 0.4 per cent). Cresol is less 
toxic than phenol. 

m-Cresyl Acetate (Cresatin, m-Tolyl Acetate), CH 3 C«H 4 0—COCH 3 , 
is an oily liquid, slightly volatile, insoluble in water but soluble in 
organic solvents. It is used as a spray in combination with menthol, 
camphor, and methyl salicylate in oil solution. It is mildly antiseptic 
and anesthetic in action. 

Thymol, U.S.P. (Thyme Camphor), colorless crystals, m.p. 48-51°, 
has an aromatic odor and a very pungent taste. It is obtained from the 
volatile oils of thyme ( Thymus vulgaris and other species), ajowan 
fruit ( Carum coplicum), and horsemint (Monarda punctata) and occurs 
to some extent in many other volatile oils. The volatile oil is treated 
with sodium hydroxide; the aqueous liquid is separated and treated 
with acid when the thymol is precipitated. It can also be made syn- 


' Hartung, U. S. pat. 2,251,934 (1941). 
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thetically from cymene. Thymol may be synthesized by causing 
isopropyl chloride to react with m-cresol in the presence of A1C1 3 at 
temperatures between —20 and 0°.‘ It is soluble in water about 1: 1000 
and readily soluble in alcohol, ether, and chloroform. 

CHs 

I 


CHs 

1 

A 


iV h 

UL°h 


u 

1 

I 

CH 

CH 3 CH. 


CH 
/ \ 

CH 3 CHs 


Thymol Carvacrol 


It is an antiseptic and an anthelmintic. In dilute solution it has a 
pleasant taste and leaves a sensation of cleanliness. Consequently, it is 
a common constituent of most antiseptic and deodorant mouth washes 
and many preparations used as gargles. It is active against many 
yeasts and molds and is used as a preservative. It has a phenol co¬ 
efficient of about 28 but is reported to be relatively ineffective in the 
presence of large amounts of organic matter. It has been used inter¬ 
nally to a limited extent as an antipyretic and antiseptic. The chief 
internal use is in the treatment of hookworm infections when it is usually 
administered as a fine powder and followed by a saline cathartic. It is 
reported to be about one-fourth as toxic as phenol; possibly this is be¬ 
cause it is less soluble and more slowly absorbed. 

Carvacrol, 1:2: 4 -C 6 H 3 CH 3 -OH-C 3 H 7 , is an isomer of thymol. It 
occurs in several volatile oils but is not used extensively in therapy. 
Its properties and activity closely resemble those of thymol. 

^-tert-Butylphenol (Butylphen) at a dose level of 0.2 gram per pound 
is effective in removing ascarids, hookworms, and whipworms from 
dogs. 2 

Hexylresorcinol, U.S.P. (Caprokol, S.T.37), is an oily, pale yellow 
liquid which solidifies on standing, b.p. 178° at 8 mm., m.p. about 58°, 
soluble in alcohol, ether, chloroform, fixed oils, and in water about 
1: 2000. It has a pungent odor and an astringent taste. The method 
of preparation has been described, page 109. 

It is used as a general antiseptic and germicide in the form of solutions. 
It is also used as a urinary antiseptic, usually administered in solution 

1 Carpenter, U. S. pat. 2,286,953, C.A., 36, 7242 (1942). 

* Enzie, Proc. Helminihol. Soc., Wash., D. C., 11 , 55 (1944); C.A ., 39, 351 (1945). 
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in olive oil in capsules. It is an effective anthelmintic against ascaris 
and hookworms, administered as pills, the crystals, or a solution in 
olive oil in gelatin capsules. 

Urushiol is considered the chief constituent of poison ivy that is 
responsible for the effects of this plant. Hill, Mattacotti, and Gra¬ 
ham showed that it could be reduced to tetrahydrourushiol. Tetrahy- 
drourushiol has been synthesized and shown to have the structure of 
3-n-pentadecylcatechol. 1 This compound may have value in diagnosis 
and therapy of poison ivy dermatitis. 



/r-OH 


U-c. 


I&H31 
Tetrahydrourushiol 


Diethylstilbestrol, U.S.P. (a,a'-Diethyl-4,4'-stilbenediol, Stilbestrol), 
m.p. 169-172°, is an interesting phenolic compound possessing the 
characteristic physiological activity of the estrogenic hormones. It was 
introduced in Europe in 1939 under the name Stilbestrol. It is reported 
to be equally as active as estradiol (see page 198) and to be effective 



C,H S C 2 H 6 



when administered orally or parenterally. Stilbestrol is used to treat 
symptoms of the menopause, senile vaginitis, gonorrheal vaginitis, 
suppression of lactation, etc. Forms of administration include tablets, 
suppositories, and sterile solutions. 

Stilbestrol has been synthesized from readily available initial ma¬ 
terials. 2,3 Oil-soluble esters such as the propionate, butyrate, benzoate, 
and caproate have been prepared and found to be less potent than stil¬ 
bestrol, but the disuccinate in aqueous solution was as active as stil¬ 
bestrol. 4 The oral estrogenic activity decreases in the homologous 

1 Dawson, Wasserman, and Keil, J. Am. Chem. Soc., 68, 534 (1946). 

* Docken and Spielman, J. Am. Chem. Soc., 62, 2163 (1940). 

* Bernstein and Wallis, ibid., 62, 2871 (1940). 

4 Foreman and Miller, ibid., 63, 2240 (1941). 
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series of dimethyl to dipropyl ethers of stilbestrol. 1 The position iso¬ 
mers A and B although not inactive were relatively inactive as compared 

t0 Nuclear methyl groups at position 3,3' in B increased its estrogenic 
activity four to five times; and a carbon-chain length of six to seven 
atoms gave optimum activity in an homologous series of 4,4 -di y- 
droxydiphenylmethane derivatives. A change in the positions of the 
phenolic hydroxyl groups yielded much less active compounds. 

H-< ^_ y ~oH 

CH(C 2 H 6 ) 2 

a B 

Diethylstilbestrol Dipalmitate (Stilpalmitate) is the dipalmitic acid 
ester of stilbestrol. It is administered in oil solution and has the same 
qualitative activity as stilbestrol, but, since it is absorbed more slowly, 
the effect is more prolonged and the unpleasant side actions are reduced. 

Diethylstilbestrol Dipropionate, N.N.R., is prepared by esterifying 
diethylstilbestrol with propionyl chloride. It is used in oil solution 
by intramuscular injection. It is slowly absorbed from the oil solution, 
causing lower concentration in the blood with more prolonged activity 
and fewer reactions, such as nausea. 

Several compounds related to diethylstilbestrol are reported to cause 
fewer side reactions. They are less potent than diethylstilbestrol and 
must be used in greater dosage to cause the same effects. 

Although diethylstilbestrol and related compounds appear to bear 
little structural similarity to the naturally occurring estrogens, it is 
believed that they are converted to them in the body and have the same 
actions. The low cost of their production and their effectiveness when 
administered orally give them a marked advantage over the naturally 
occurring estrogens. 

Hexestrol (3,4-5zs-(p-Hydroxyphenyl)-n-hexane) is reported to pro¬ 
duce the same clinical response as stilbestrol and the natural estrogens, 
and it is less likely to cause nausea than stilbestrol. It is administered 
orally in the form of tablets and, dissolved in oil, by intramuscular 
injection. 

Mestibol, N.N.R. (Monomestrol, 3-p-Hydroxyphenyl-4-p-methoxy- 
phenyl-3-hexene), m.p. 116-117.5° when recrystallized from a benzene 
petroleum ether mixture and 112-114° when recrystallized from alcohol, 

1 Sondern, Sealey, and Kartsonis, Endocrinology, 28, 849 (1941). 

2 Campbell, Proc. Roy. Soc., B (London), 129, 528 (1940). 
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C 2 H 6 C 2 Hc 




C 2 H s C 2 H 6 CH a 




is a white, crystalline powder insoluble in water and soluble in alcohol, 
acetone, ether, and fixed oils. It is used to treat the same conditions 
for which other estrogenic substances are employed. It is administered 
orally in tablets or by injection in oil solution. 

Benzestrol, N.N.R. (Octofollin, 2,4-6is-(p-Hydroxyphenyl)-3-ethyl- 
hexane), m.p. 162-166°, is a white, crystalline powder, soluble in alcohol, 
fixed oils, and dilute sodium hydroxide, practically insoluble in water and 
dilute mineral acids. It is used in tablets and in oil solution for the 
same purposes as diethylstilbestrol and is claimed to be less toxic. 

Dienestrol (3,4-6is-(p-Hydroxyphenyl)-2,4-hexadiene) is a white, crys¬ 
talline powder, practically insoluble in water and soluble in alcohol. 
It is administered orally as tablets and is claimed to cause less nausea 
than diethylstilbestrol. 

CHa—CH 2 CO—O O—CO—CH 2 CH 3 



Meprane (3-4-frzs-(m-Methyl-p-propionoxyphenyl) hexane) is a color¬ 
less, crystalline powder, insoluble in water, slightly soluble in alcohol, 
and readily soluble in ether, acetone, or ethyl acetate. It is used for the 
same purposes as and is said to cause less nausea than diethylstilbestrol. 
It is usually administered in tablet form. 
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The red oil from wild hemp (Cannabis saliva) yields an interesting 
group of phenols. One of these constituents is cannabinol. 



Cmabtool 


Cannabinol was isolated as the acetate and investigated by Cohn 
who proposed the indicated structure in which the positions of the 
hydroxyl and n-amyl groups are uncertain. Cannabinol is very toxic 
but it has no marihuana activity. Adams and his co-workers 1 studied 
cannabidiol, isolated from the red oil of Minnesota wild hemp, and 
made various products from it which were potent in marihuana activity. 
The structure of cannabidiol and of the active products obtained by 
isomerizing it are indicated, 



Cannabidiol (other isomers exist) 


Tetrahydrocannabinol (other isomers aro known) 


Later Adams et al. synthesized a number of tetrahydrocannabinol 
homologs and analogs with marihuana activity. 1 


PHENOLIC ALCOHOLS 

The o- and p-hydroxybenzyl alcohols readily undergo complex con¬ 
densations when heated with acids. Thus phenolic resins such as 
Bakelite are formed through the aldol condensation of formaldehyde and 
phenol. 

Salicyl Alcohol (Saligenin, o-Hydroxybenzyl Alcohol) is obtained by 
the hydrolysis of the glycoside, salicin. It crystallizes in needles, m.p. 
82 °. 

It is slightly antiseptic and mildly anesthetic. The glycoside, 
Salicin, N.F., has the same type activity since salicyl alcohol is formed 

1 J. Am. Chem. Soc., 64, 694 (1942). 
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from it. Salicyl alcohol is used as a mild anesthetic in cough lozenges 
and in some preparations intended for injection to reduce pain and 
irritation, e.g., Iodobismilol rnth saligenin, N.N.R. It is oxidized in the 
body to salicylic acid and gives the typical effects of salicylates when 
used internally. For internal use this phenolic alcohol has been almost 
completely replaced by the salicylates. 


ch 2 oh 

1 

och 3 

^° H 

A-oh 

u 

v 

Salicyl alcohol 

CH=CH—CH 2 OH 

Coniferyl alcohol 



CH,OH 


Gentiayl alcohol 


Coniferyl Alcohol (3-Hydroxy-4-methoxycinnamyl Alcohol) is ob¬ 
tained by the hydrolysis of the glucoside, coniferin. 

Gentisyl Alcohol (2,5-Dihydroxybenzyl Alcohol) has been isolated 
along with patulin from the filtrate of penicillin cultures. It shows an 
activity of 10 Oxford units per mg. against staphylococci. 1 


HALOGENATED HYDROXYL COMPOUNDS 
Alcohols 

Halogenated alcohols, possessing both the halogen substituent and 
the alcoholic hydroxyl group, show the chemical properties expected of 
them. The halogenated alcohols that are of direct medicinal interest 
are relatively few and will be discussed individually. 

Tribromoethanol, U.S.P. (Avertin), CBr 3 —CH 2 OH, was first pre¬ 
pared by Willstatter and Duisberg, 2 who employed beer hops to reduce 
bromal to the corresponding alcohol: 

CBrj—CHO -^5- CBr 3 CH 2 OH 

More recently it has been synthesized in 73 per cent yields by reducing 
bromal by means of aluminum ethoxide. It is a crystalline substance, 
m.p. 79-80°. It is used as a general anesthetic, being administered 
rectally in an oil solution. 

On its appearance, avertin was hailed as the ideal anesthetic. How¬ 
ever, more experience has shown that it is not without its elements of 

* Brack, Helv. Chim. Acla, 30, 1 (1947) ; C.A., 41, 4130 (1947). 

* Ber., 56, 2283 (1923). 
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danger. For example, once too large a dose has been given, the excess 
cannot be removed or withdrawn. To overcome this handicap, the 
anesthetic may be administered in fractional doses. Occasionally a 
patient will develop an idiosyncrasy toward the compound. It is ad¬ 
ministered alone or with amylene hydrate, e.g., Solution of Tribromo- 
ethanol , U.S.P. 

Trichloroethanol, prepared by reducing chloral with an aluminum 
alkoxide, is probably as potent a narcotic as tribromoethanol when 
compared on a weight basis; however, when compared on a molar basis 
it is about half as potent. 

Trichloroisopropyl Alcohol (Isoprol) was introduced into therapeutics 
in 1904 under the trade name Isoprol. It is prepared by means of a 
Grignard reagent: a solution of magnesium and methyl iodide or methyl 
bromide in ether is added to chloral. When the reaction is complete, 
the addition compound formed is decomposed with water, shaken out 
with ether, and the ether is removed by distillation in vacuum. 


O CCls 0—MgBr CH 3 OH 


✓ \ / 

CCI 3 -C + CH 3 MgBr —> C 

\ / \ 

H CH 3 H 


^ + Mg(OH)Br 

/ \ 

CC1, H 

Isoprol > 


The chlorinated alcohols exhibit their optimum hypnotic action in 
Isoprol. 

Chlorobutanol, U.S.P. (Trichloro-terJ-butyl Alcohol, Trichloro- 
methyldimethylcarbinol, Chloretone, Acetonechloroform), is synthe¬ 
sized by causing chloroform to condense with acetone. 


CH 3 

\j=0 + HCC1 3 

/ 

ch 3 


ch 3 

I 

CH 3 C—OH 

I 

CC1 3 


It is a white, crystalline compound, m.p. about 76°, having a camphor- 
aceous odor and taste. It is very volatile even at ordinary temperatures 
and must be dried with great care to avoid loss. It is soluble in water 
1: 125, in alcohol 1:1; and it is very soluble in ether, petroleum 
benzin, glacial acetic acid, chloroform, and acetone. It is readily soluble 
in fixed, volatile, and mineral oils and in glycerol. 

Chlorobutanol is an hypnotic, antinauseant, and a mild antiseptic. 
It is used as an hypnotic especially in animal work prior to anesthesia, 
and in insomnia, as a sedative in seasickness, persistent hiccough, etc., 
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and as a preservative and antiseptic in nasal sprays, e.g., nasal sprays of 
epinephrine, and in solutions for injection. 

CH a 

Tribromo-ferf-butyl Alcohol (Brometone), CH 3 -C-OH, m.p. 167°, 

I 

CBr 3 

may be prepared from bromoform and acetone in a reaction analogous 
to that employed in the synthesis of chloretone. It has a camphoraceous 
odor and taste. It is a sedative and hypnotic. It is claimed to have a 
sedative action similar to that of the bromides without producing 
bromidism. It is used in mild conditions of excitation and insomnia, 
headache, neuralgia, epilepsy, mania, in so-called narcotic abstinence, in 
hysteria, and in nervous affections generally. 

Iothion, N.N.R. (1,3-Diiodo-2-propanol), CH 2 ICHOHCH 2 I, is a 
yellow, oily liquid used in solutions of oils, alcohol, or glycerol by external 
application to secure the systemic effects of iodides. 

Halogenated Phenols 

The introduction of a halogen into the aromatic ring of the phenols 
usually increases the antiseptic activity. The irritant action and the 
toxicity are also increased, and consequently few of these compounds 
have been introduced as therapeutic agents. 

Tetrachlorophenol, in a concentration of 25 per cent, is used with 
p-hydroxychlorodiphenyl and an emulsifier in a preparation which the 
Russians call “ 8502 ” as an insect repellent . 1 

Pentachlorophenol, used as its sodium salt (santobrite), shows 
promise as a preservative, employed in containers and wrappers . 2 It 
is also recommended for retarding water hyacinth . 2 

Monobromosalicyl Alcohol (Bromsalizol) is used as an antispasmodic 
in angina, gastralgia, etc. It has marked local anesthetic activity. It 
is administered in tablets. 

Chlorohexol (2-Chloro-4-hexylphenol), 1:2:4-C 3 H 3 OHClC 8 H 13 , is 
a clear liquid, insoluble in water and soluble in most organic solvents. 
It is reported to be an efficient antiseptic for use, when suitably diluted, 
in infections of the eyes, ears, nose, and throat. 

Chlorothymol, N.F. (Monochlorothymol), 1:3:4: 6 -CeH 2 *CH 3 -OH- 
C 3 H 7 ‘C 1 , is a white, crystalline compound, m.p. 59-61°, of very pun- 

1 Hastings and Shimkin, Science, 103, 639 (1946). 

* Deichmann, Machle, Kitzmiller, and Thomas, J. Pharmacol., 76, 104 (1942). 

• Hildebrand, Science, 103, 465 (1946). 
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gent taste. It is almost insoluble in water but is soluble in alcohol, 
ether, and chloroform. It is an effective germicide used in the form of 
Antiseptic Solution , N.F. A proprietary preparation sold as Clymocol 
is a 6 per cent colloidal suspension which is miscible with water. It is 
used in 2 per cent solution for topical application as in wet dressings, in 
0.5 per cent solution for bladder irrigations, and in 2 to 5 per cent solu¬ 
tion for the disinfection of surgical instruments, etc. 

Thymol Iodide, U.S.P. (Aristol), is a mixture of iodine derivatives of 
thymol, chiefly dithymol diiodide, (C6H2CH 3 C 3 H70I)2, prepared by the 
action of iodine on thymol. It is a reddish amorphous powder, insoluble 
in water, which decomposes when heated with the evolution of the 
vapors of iodine. It is used as an antiseptic dusting powder in the 
treatment of wounds, abscess cavities, etc., as a substitute for iodoform. 
The antiseptic activity is believed to be caused by slow decomposition 
with the liberation of iodine and thymol. 
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CHAPTER IV 

ETHERS AND ETHER PEROXIDES 

ETHERS 

Ethers possess the general structure R—O—R; hence, they may be 
looked upon as: 

(а) Water in which both hydrogen atoms are replaced by hydrocarbon rad¬ 
icals. 

In this sense the ethers are dialkyl oxides and are the organic analogs of the 
metallic oxides. Like the alcohols, which are alkyl hydroxides and thus the 
analogs of inorganic metallic hydroxides, the ethers are not basic or alkaline in 
chemical reactions. 

(б) Alcohols in which the hydrogen atom of the hydroxyl group has been 
replaced by an alkyl group. 

(c) As hydrocarbons in which one hydrogen atom has been replaced by an 
alkoxyl group (RO — = alkoxyl). 

( d ) As isosters of hydrocarbons in which a methylene group, that is —CH*—, 
is replaced by an oxygen atom, e.g., diethyl ether, Et—O—Et, is an isoster of 
n-pentane, Et—CH 2 —Et. 

It is as isosters or analogs of hydrocarbons that one can perhaps best appreciate the 
physical, chemical, and possibly even the physiological properties of the ethers. For 
example, as shown in Table 17, the analogous R—O —R and R —CH*—R differ by 
less than 10° in boiling point (except for the first pair, where R - Me), usually the 
ether boiling the lower. Chemically ethers are quite inert, in this respect resembling 
very closely the hydrocarbons. As anesthetics, ethers behave quite like the hydro¬ 
carbons. They are lipoid soluble and produce their effect, when dissolved in the body 
tissues, by interfering with the normal functioning of the tissues. Differences in 
degree, that is in potency and toxicity, are found in the ethers just as in the hydro¬ 
carbons. 

In the alkoxylphenols (sec Table 16) the introduction of an oxygen atom in the 
place of a —CH*—, or the lengthening of an alkyl chain by an oxygen atom instead 
of a carbon atom, does not seem to increase the activity toward microorganisms. 

It is seen that ethers are isomeric with alcohols. Thus the empirical 
formula, C 2 H 8 0, is applicable both to ethyl alcohol and to dimethyl 
ether. The ether, however, as pointed out above, has no replaceable 
hydrogen atom and it possesses properties much more akin to those of 
propane than to those of an alcohol. 

The difference in boiling point between these two isomers, which is more than 
100°, seems very remarkable. However, ethanol with ita hydroxyl group retains 
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some of the properties of water, one of which is association in the liquid form. Di¬ 
methyl ether, which is water with both hydrogen atoms replaced by methyl groups, 
possesses no such capacity and hence exhibits a boiling point which is more nearly 
normal for an organic compound with such low molecular weight. 

If the two alkyl groups are identical, it is called a simple ether; if they 
are unlike, the compound is called a mixed ether. 


TABLE 17 


Comparison of Ethers and Isosteric Hydrocarbons 


Formula 

Name 

Melting 

Point 

°C. 


Specific 

Gravity 

CHj—0—CH, 

Dimethyl ether 

-138 

-24.9 

1.617 (air) 
1.658 (air) 

CH|—CHj—CHj 

Propane 

-189.9 

-44.5 

C|H»—0—CjH» 

Diethyl ether 

-116.3 

34.5 

0.685-*-‘ 

0.714 

CjH»—CHj—C »H i 

n-Pentane 

-131.5 

36.2 

0.621 IM 

n-CjHj—O—n-CjHr 

Di-n-propyl ether 

-122 

89 

0.747 

n-CiHj—CHj—n-CaH; 

n-Heptane 



0.684* 

OXHr--o—*-C,H 7 

Diisopropyl ether 


68.7 

0.735 u * a 

i-C|H 7 —CHj—i-C|H i 

2,4-DimethyIpentane 


83.9 

0.681 

(n-C«H 9 ),=0 

Di-n-butyl ether 


140.9 

0.769 

(n-CjH*)j=CHj 

n-Nonane 

-61 

150.6 

0.718 

(i-C 4 H,)i=0 

Diisobutyl ether 

— 

122.6 

0.762 

(i-C«H 9 )i=CH, 

2,6-Dimethylheptane 

— 

132 

0.712 

C|H|—0— CHj 

Anisole, phenylmethyl 
ether 

-37.3 

165.8 

0.994 

CjH*—CH j—CHj 

Ethylbenzene 

-92.8 

136.5 

0.868 

C«H»—0—CjHj 

Phenetole 


172 

0.965 

CjH»—CHj—C jHj 

Propyl benzene 

- 101.6 

157.5 

0.862 

C»Hj—O—CjH, 

Phenylpropyl ether 

— 

190.5 

0.968 

CjHj—CH j—C iHj 

Butylbenzene 

— 

180 

0.862 

CjHj-O-CjHj 

Diphenyl ether 

26.9 

259 

1.072 

CjHj—CH j- CjHj 

Diphenylmethane 

27 

262 

1.006 


Preparation 

Ethers may be prepared by the following methods: 
1. Williamson’s synthesis: 

RX + NaOR' —> R—0—R' + NaX 


This method is adaptable for the synthesis of both simple and mixed ethers. It 
also serves to show conclusively the structure of ethers as being dialkyl oxides. 
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2. The reaction of an alkyl halide with silver oxide: 

2RX + Ag 2 0 —► R—O—R + 2AgX 

This method is of limited application and is used only under special conditions. 

3. Formation of methyl ethers with diazomethane: 

CH 2 N 2 + HOR —> CHj—O—R + N 2 

This procedure is frequently employed, during the degradation and analytical 
identification of compounds in which it is desired to protect by methylation an 
hydroxyl group that may otherwise be affected. 

4. The sulfuric acid method: 

ROH + HO—S0 2 —OH —► RO—S0 2 —OH + HOH 
ROH + RO—S0 2 —OH —► R—O—R + HO—S0 2 —OH 

If the monoalkyl sulfate is first prepared, then another or second alcohol may be 
added and the product is a mixed ether. By employing heavy oxygen as a 
tracer element in the synthesis of ethyl ether it was found that ethanol reacts 
with diethyl sulfate in the following manner: 1 

C 2 H 6 OH + C 2 H 5 0—S0 2 —OC 2 H & —► C 2 H 5 —0-C 2 H 6 + C 2 H 5 HS0 4 

This is the procedure employed technically for the synthesis of the lower 
ethers, especially diethyl ether (hence, the designation sulfuric ether). In 
practice, this ether is prepared by adding 5 parts ethanol to 9 parts sulfuric acid 
and heating the mass to 130-140°; ether distils, and alcohol is added to react 
with the regenerated sulfuric acid. This process is continued until the efficiency 
of the sulfuric acid drops beyond an economic usefulness because of dilution. 

The method is applicable only to the preparation of the lower ethers; if 
higher alcohols are employed, the sulfuric acid produces dehydration and the 
olefin is formed. 

5. Preparation with alkyl sulfates: 

RONa + MesS0 4 —> R-O—Me + NaO-S0 2 —OMe 

RONa + Et2S0 4 —► R—O—Et + NaO—S0 2 —OEt 

This is a special adaptation of the Williamson method; it is particularly useful 
for preparing the ethers of phenols. 

Properties 

Ethers are stable towards ammonia, dilute alkali, dilute acids, alkali 
metals, and cold PCI 5 . Concentrated sulfuric acid splits the ether into 
a molecule of alcohol and a molecule of monoalkyl sulfate: 

R—O—R + HO—S0 2 —OH —RO—S0 2 —OH + ROH 
Ethers heated with water in the presence of acids are hydrolyzed to form 
1 Lauder and Green, Nature, 157, 767 (1946). 
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two molecules of alcohol. Saturated at 0° with hydrogen iodide, ethers 
are cleaved to alcohols and alkyl iodide, 

R—O—R' + HI —► ROH + R'l 
In the mixed ethers, the smaller alkyl forms the iodide. 


Physiological Activity 

Alkylation of the hydroxyl group in the alcohols causes a considerable 
increase in the narcotic activity of many compounds. The resulting 
ethers, especially the lower members of the series, are very volatile and 
rapidly absorbed. Since they are usually given by inhalation, they 
produce their effect very rapidly. Dimethyl ether is a prompt-acting 
anesthetic that produces a deep but transient narcosis. Diethyl ether 
produces a more lasting narcosis, but continued administration is neces¬ 
sary for prolonged surgical anesthesia. The ethers in high concentra¬ 
tion are toxic, causing death by cardiac failure. This occurs with ethyl 
ether when the concentration in the blood exceeds about 0.4 per cent 
Ethyl ether is rapidly excreted so that a skilled anesthetist has little 
difficulty in maintaining anesthesia without danger of obtaining a toxic 
concentration in the blood. As the series is ascended, i.e., the alkyl 
groups are larger, the narcotic activity and the toxicity increase. The 
increase in toxicity is largely caused by the slower excretion. The 
higher ethers are also less convenient to administer, and, since the margin 
between the effective and the toxic dose is narrow, they are not used 
generally as anesthetics. 


PXhcrs derived from the dihydric alcohols are more active than the alcohols from 
which they are derived. Compounds such as methylene dimethyl ether and methy¬ 
lene diethyl ether and glyceryl ethers are narcotic and behave very much like the 
ethers derived from monohydric alcohols. The first two are acetals, see page 168. 


O—CH, 

/ 

CH, 

\ 

O—CH, 

Methylene dimethyl ether 


O—C,H $ 

/ 

CH, 

\ 

O—C,H b 

Methylene diethyl ether 


CH,—O—C,H, 

i 

CH—O—C,H, 

I 

CH,—O—C,H, 

Ethyl glycerol ether 


Dimethyl Ether, CH3— O —CH*, a gas at ordinary temperatures, 
produces rapid and deep narcosis, but the effect is very temporary. 

Ethyl Oxide, U.S.P. (Solvent Ether, Sulfuric Ether), C 2 H6—O—C 2 H 6 , 
is the compound meant when the word ether alone is used. It was 
discovered about 1544 by Valerius Cordus and its composition was 
established by Saussure (1807) and Gay-Lussac (1815). Its constitution 
was determined by Laurent and Gerhardt and confirmed by Williamson's 
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synthesis in 1851. At 120° it has a vapor pressure of 10 atmospheres. 
When mixed with air it is very explosive, and its flash point is very low. 
It is employed as a solvent for many pharmaceutical purposes, and it 
is an excellent fat solvent. 

Although ether may be purified readily, it must be protected against 
atmospheric oxygen, with which all ethers form the so-called ether 
peroxides, which are explosive. The structure of ether peroxide, accord¬ 
ing to Wieland, is as indicated. This compound may be prepared syn¬ 
thetically from acetaldehyde and hydrogen peroxide, 

CHs—CHO + HO—OH + 0=CH—CH 3 —► CH 3 —CH—O—O—CH—CII 3 

I I 

OH OH 

Dibydroxydiethyl peroxide 

Polarographic studies, however, show that ether peroxide is not identical 
with synthetic organic peroxides. 1 Caution must be employed in evap¬ 
orating and distilling ethers used as solvents such as ethyl, isopropyl, 
and butyl ether since they may contain explosive peroxides. The per¬ 
oxides may be destroyed by the addition of some easily oxidized sub¬ 
stance such as sodium sulfite in aqueous solution. The presence of 
peroxides in the solvent ethers may be determined by the addition of 
sodium or potassium iodide solution. The formation of a brown colora¬ 
tion from the liberation of iodine indicates that peroxides are present. 

Practically, this peroxide formation is guarded against by placing the 
ether in filled vessels which are then sealed. Included in the sealed 
vessel may be some reducing agent such as copper wire or tannic acid. 
It has been reported that iron and copper are uncertain as inhibitors. 
Diphenylamine in concentrations even as low as 1 X 10“ 4 gives good 
results in preventing the formation of peroxides. 2 

At room temperatures water dissolves appreciable amounts of ether; 
100 cc. of water will dissolve more than 8 g. of ether. Conversely water 
is slightly soluble in ether, 1-1.5 per cent. Ordinary ether, containing 
small amounts of alcohol and moisture, may be purified or converted 
into “ absolute ” ether in several ways, e.g., drying over calcium chloride 
and sodium; drying over sulfuric acid; or by drying over solid sodium 
hydroxide. Such ether is often spoken of also as “ Grignard ” ether, 
since it is employed in preparing the Grignard reagent. 

Ether, U.S.P., is prepared specially for anesthesia and must meet the 
official requirements of quality and purity. It must be free of peroxides. 
To prevent peroxide formation, it is stored in small, well-closed con- 

‘Reimers, Dansk. Tids. Farm., 17, 149 (1942); C.A., 39, 695 (1945). 

Reimers, Quart. J. Pharm. Pharmacol., 19, 172 (1946); C.A., 40, 6210 (1946). 
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tamers. Once having been opened for 24 hr. the contents must not be 
used for anesthetic purposes. Except for the degree of purity, ether 
or anesthesia has the same properties and is prepared in the same way 
as diethyl ether used as a solvent. 

Ether was introduced as an anesthetic in surgery by Dr. Long and Dr. 
Morton contemporaneously. It came into general use as an anesthetic 
in about the year 1850. It has several advantages: (1) it is easy to ad¬ 
minister; (2) it gives excellent muscular relaxation; (3) the respiration 
and circulation are not markedly changed. It has some disadvantages 
such as causing respiratory and kidney irritation which can be avoided 
largely by skillful administration. It is one of the most generally used 
anesthetics for prolonged surgical operations. 

Methylpropyl Ether, CH,- 0 -CH 2 CH 2 CH 3 , an isomer of ordinary 
ether, is reported to be 25 per cent more potent than diethyl ether and 
clinically superior, being relatively nontoxic and producing relaxation . 1 

Isopropyl Ether and Di-n-butyl Ether, now that the corresponding 
alcohols are plentiful, are becoming increasingly available; because of 
their higher boiling points they ofFer certain advantages as solvents 
over ordinary ether. 

Vinyl Ether, U.S.P., N.N.R. (Divinyl Oxide, Vinethene), CH*=CH— 
O—CH=CH,, is a representative of the unsaturated ethers. It is pre¬ 
pared by the elimination of two molecules of hydrogen chloride from 
0,/3'-dichlorodiethyl ether: 

Cl—CH 2 CH 2 —0—CH 2 —CH 2 —Cl CH 2 =CH—0—CH=CH 2 

In its physical properties, b.p. 28-31°, it closely resembles diethyl ether; 
in its physiological properties it is also much like ordinary ether. For 
anesthesia in man a blood concentration a quarter that of ether is ade¬ 
quate. The toxic dose is also proportionately smaller than for ethyl 
ether, but the lower effective concentration overcomes this disadvantage. 

Vinyl ether was first investigated by Leake and his co-workers; they 
were prompted to do this since this ether may be considered structurally 
a hybrid of ethylene and ether, both anesthetics. Vinyl ether is stabil¬ 
ized by adding various antioxidants, and storing it in an oxygen-free 
atmosphere . 2 

CH 2 

\ 

Cyclopropylmethyl Ether, CH - O - CH 3 is, said to offer promise as 

/ 

CH 2 

a local anesthetic. 

1 Krantz, Evans, Carr, and Kibler, J. Pharmacol. Exptl. Therap., 86, 138 (1946). 

* Major and Ruigh, Canadian pat. 392,258; C.A., 35, 1415 (1941). 
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These cyclopropylalky! ethers may also be looked upon as an extension of Leake’s 
conception of “hybridization” of physiologically or medicinally important com¬ 
pounds, c.g., a “ cross ” between methyl ether and cyclopropane. 

Batyl Alcohol (Monooctodecyl Ether of Glycerol), CH 2 OH CHOH 
CHjO(CH 2 ),7CH,. m.p. 68-69°, [a]g = +1.4°, is found in fish oil, bone 
marrow, and in Gorgonia species of invertebrate coral-reef-building 
marine animals. 1 - 2 It is possible that this alcohol may be of value in 
the treatment of agranulocytosis. Batyl alcohol has been synthesized. 3 

Glyceryl-o-tolyl Ether, (l,2-Dihydroxy-3-(2-methylphenoxy) propane, 
Tolserol, Myanesin, BDH 312), CH 2 OHCHOHCH 2 OC 6 H4CH 3 -o, m.p. 
69-70°, possessing a bitter taste, produces numbness when applied to 
the tongue; it exhibits a curarelike effect in that it causes a relaxation 
of muscles and is useful in alleviating symptoms of certain spastic and 
neuromuscular disorders. 4 This compound is the most efficient of a 
series of glyceryl ethers and has the widest margin of safety in producing 
transient relaxation of paralysis of skeletal muscles in the smaller 
laboratory animals. This synthetic ether may prove useful for pro¬ 
ducing muscular relaxation during light anesthesia. 5 

a-Glycerylguaiacol Ether, CII 2 OHCHOHCH 2 OC«Il 40 CH 3 -o, m.p. 78°, 
is used under the trade name of Resyl as an expectorant; it is a potent 
anesthetic but unfortunately also exhibits emetic properties. 6 

Chimyl Alcohol [(-f)-a-Hexadecylglyc'eryl Ether], m.p. 64°, has been 
isolated in small amounts from the testes of the bull and the boar. 7 

Salachyl Alcohol (Oleylglyceryl Ether) is another natural ether of 
glycerol that has been synthesized. 8 

Of fourteen monoethers of the dihydroxybenzenes, the n-hexyl ether 
of resorcinol has the greatest anthelmintic activity. 9 

(3,4-Methylenedioxy-6-propylbenzyl)butyldiethyleneglycol Ether, 


CH 


N 


0-V\-CHjCH 2 CH, 


o-U-o 


H 2 0CH 2 CH 2 0—CH 2 CH 2 -0(CH 2 ) 3 CH 3 


exerts a synergistic effect on the pyrethrins, and like the pyrethrins it 
is quite nontoxic to warm-blooded animals. The synergistic effect is 
attributed to the methylenedioxyphenyl group. 10 


1 Holmes, el al., J. Am. Chem. Soc., 63, 2607 (1941). 

2 King and Bergmann, J. Org. Chem., 7, 424 (1942). 

’Kornblum and Holmes, J. Am. Chem. Soc., 64, 3045 (1942). 

«P. M*rch, Arch. Pharm. Chemi, 54, 327 (1947) ; C.A., 42, 2058 (1948). 

6 Berger and Bradley, Bril. J. Pharmacol., 1, 265 (1946) ; C.A., 41, 2166 (1947). 
* Smith, J. Pharmacol., 91, 93 (1947). 

7 Prelog, Ruzicka, and Steinman, Helv. Chim. Ada, 27, 674 (1944); C.A., 39, 333 
(1945). 

8 Baer, Rubin, and Fisher, J. Biol. Chem., 155, 447 (1944). 

9 Landsberg and Lischer, J. Parasitol., 27, 357 (1941); C.A., 38, 2730 (1944). 

10 Wachs, Science, 105, 530 (1947). 
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The ethers of polyhalogenated phenol, particularly the halogenated 
phenojcyethanols, show definite value as fungistatic compounds . 1 

I he tntyl (triphenylmethyl) ether of vitamin D shows a potency of 
more than 4,750,000 units per gram . 2 

Benzyl ethers are of special interest, not because they exhibit unusual 
p ysiological properties, but on account of the ease with which they 

phenof° CatiJytlC hydr ° genolysis ' formin 8 toluene and an alcohol or 

CsHjCHi—OR -2*. C«H,CH, + HOR 

C»H s CHi OAr —V C»H s CHj + HOAr 

This property of benzyl ethers is proving useful in the synthesis of many 
products of medicinal interest. 

Dibenzyl ether emulsified and administered intrarectally to mice 
proved highly effective against infestation with pin worms. 3 

HYDROXY ETHERS 

When ethylene oxide is treated with various reagents under suitable 
conditions of temperature and pressure and with catalysts, the three- 
membered ring opens and yields many important compounds, such as 
the following. 

Ethylene Glycol Monoethylether (Cellosolve), C 2 H 6 OCH 2 CH 2 OH, 
b.p. 135.1°, and Ethylene Glycol Monobutylether (Butylcellosolve),’ 
C 4 H«OCH 2 CH 2 OH, b.p. 171°, are miscible with water and are valuable 
intermediates and solvents in syntheses. They are not suitable as sol¬ 
vents in pharmaceutical preparations. Diethylene Glycol, HOCH 2 CH r 
OCH 2 CH 2 OH, obtained from ethylene glycol and ethylene oxide is a 
valuable industrial solvent. It is toxic and so is not suitable for 
pharmaceutical preparations. Numerous deaths resulted in 1937 from 
the use of this compound as a solvent for sulfanilamide. 

Ethylene Glycol Monophenyl Ether (Phenoxethol) shows high 
bacteriostatic and bactericidal properties against Pseudomonas yyocyarir- 
eus. It may be employed in conjunction with quaternary ammonium 
compounds. 

Carbitols are a group of hydroxy ethers obtained by making the ethers 
of diethylene glycol. They are high-boiling solvents useful in industry, 
e.g., butyl carbitol (the monobutyl ether of diethylene glycol), b.p. 222 °, 
has the formula C 4 H90CH 2 CH 2 0CH 2 CH 2 0H. 

1 Felton and McLaughlin, J. Org. Chem., 12, 29 8 (1947). 

* Milas, U. S. pat. 2,410,893; C.A., 41, 838 (1947). 

a Deschiens and Marchal, Compt. rend. soc. biol., 139, 351 (1945): C.A., 40, 3824 
(1946). 
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Cellulose Ethers, e.g., methyl cellulose and ethyl cellulose, are ob¬ 
tained by the action of the alkyl esters of inorganic acids on moist alkali 
cellulose. They are good dispersing and emulsifying agents for many 
medicinal products, readily form gels, and may be used directly as 
colloidal laxatives. The cellulose ethers dry to form firm, nonhygro- 
scopic films; thus, methyl cellulose offers promise as a substitute for 
gelatin in the manufacture of capsules. 


AROMATIC ETHERS 

There is considerable difference between the physiological activity of 
the alkyl and aryl ethers. Phenylmethyl ether (anisole) and phenyl- 
ethyl ether are toxic and cause fatty degeneration of the liver and kid¬ 
neys. Compounds containing an ether structure and an hydroxyl 
group have activities intermediate between the phenols and the aryl 
ethers. Thus, guaiacol and the monomethyl ethers of homocatechol 
are irritant to mucous membranes, have antiseptic activity, are mildly 
anesthetic on injection, and large doses cause paralysis and death in 
animals. 

Resorcinol dimethyl ether is more toxic than resorcinol. In general, 
it may be said that the formation of an ether linkage on one or more of 
the hydroxyls in the polyhydric phenols increases the toxicity. 

p-Propenylphenylmethyl Ether (Anethole) is slightly antiseptic. The 
presence of a free hydroxyl as in eugenol increases the antiseptic and 
narcotic activity, and the toxicity is reduced by about one-third. 
Methylene ethers such as 4-allyl-methyIenedioxybenzene (safrole) are 
more strongly narcotic than eugenol, but the local irritant activity is 
less than that of anethole. Isosafrole has less narcotic activity than 
safrole; this may be caused by the greater stability of the alkyl group. 
The same relationship is found to exist in the apioles. Cubebin, which 
has an hydroxyl in the alkyl group, is almost inactive physiologically. 



Eucalyptol 





Safrole, 

Methylene ether of 
3,4-dihydroxy- 
allylbensene 


Isosafrole. 
Methylene other of 
3.4-dihydroxy- 
propeny 1 benzene. 


Eucalyptol, U.S.P. (Cineol), is the inner ether of terpin (1,8-ter- 
panediol). It is the chief constituent of eucalyptus oil and also occurs 
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The guaiacol obtained from wood creosote is usually a liquid, b.p. 
200-210°; that prepared synthetically is a crystalline solid, m.p. 
28.5°, b.p. 203°. Guaiacol is slightly soluble in water ( 1 : 65) and is 
soluble in most organic solvents. 

It was used extensively in the treatment of tuberculosis but the early 
hopes of its effectiveness have not been sustained. It has a mild local 
anesthetic activity, some antiseptic value, and derivatives have been 
used to treat intestinal fermentation. It also has some antipyretic 
activity but other products are superior to guaiacol for this purpose. 

Eugenol, U.S.P. (4-Allyl-2-methoxyphenol), occurs in volatile oil of 
clove to the extent of about 80 per cent. It is a colorless or pale yellow 
liquid with a very pungent taste. The isomer, isoeugenol, also occurs 
in oil of clove. 

CHr-CH=CH 2 


IftOCUgCDol 

Eugenol is a mild local anesthetic used as such on cotton or in solution 
to disinfect tooth cavities and allay pain in toothache. 

Creosote, N.F. (Wood Creosote), is a mixture of phenols, chiefly 
cresols and guaiacol, usually obtained from the tar resulting from the 
dry distillation of beechwood. It is an oily liquid, b.p. about 203-220°. 

The use of creosote is similar to that of guaiacol. It was once used 
extensively in the treatment of tuberculosis and is now used chiefly in 
respiratory infections such as bronchitis. 

Calcium Creosotate, is a dark brown powder resulting from a loose 
chemical combination between approximately equal parts of creosote 
and lime. It is tolerated better than creosote when administered as a 
syrup or in tablets since it does not readily cause gastric distress and 
nausea. 

Proposote (Creosote Phenylpropionate) is an amber-colored proprie¬ 
tary product, obtained by condensing creosote and phenylpropionic 
acid in the presence of phosphorus oxychloride and by subsequent 
purification. It is claimed that the resulting compound passes through 
the stomach with slight absorption and that the components are liberated 
in the intestines. Thus gastric irritation is reduced. Administered in 
capsules, it is used to treat bronchitis and coughs caused by bronchial 
infections. 
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ETHERS AND ETHER PEROXIDES 


Of the substituted diphenyl ethers, twenty have been examined for 
antitubercular activity, the substituents being amino, hydroxyl, halogen, 
and carboxyl. 4 / -Amino-2,4,5-trichlorodiphenyl ether and 4'-amino-2', 
2,4,5-tetrachlorodiphenyl ether completely inhibit growth of the organ¬ 
ism at dilution of 1:1 million in nutrient broth. 1 

ETHER PEROXIDES 

The formation of peroxides in ethers has already been mentioned. 
The only medicinally important organic peroxide is ascaridole. Ascari- 
dole comprises about 60 per cent of the natural Oil of Chenopodium 
U.S.P . (American wormseed). This compound is especially interesting 
as one of the few peroxides bccurring naturally. It is an oily liquid 
which explodes violently when warmed with acids or warmed alone. 

Ascaridole is used as an anthelmintic against hookworm (Ascaris 
lumbricoides) and other nematodes and cestodes. It is usually admin¬ 



CH, 

CH 

hc^ch, 

C 

H,C CH 

| 

HC °\ CH, 
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v 

CyclohezQOO 

Pcroxido 

I 

CH 

CH, N CH. 


Ascaridole 


istered on sugar. Oil of chenopodium is used for the same purpose and 
its activity depends on its ascaridole content. The chemistry of ascari¬ 
dole has been studied extensively by Nelson 2 and Thoms and Dobke. 3 

Ascaridole has been obtained from a-terpene by the oxidation of an 
activation pigment such as chlorophyll or eosin. The activation energy 
is one quantum per molecule. By a similar reaction 1,3-cyclohexadiene 
may be converted into cyclohexene peroxide. 4 
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CHAPTER V 
CARBONYL GROUP 
ALDEHYDES AND KETONES 

The carbonyl group is the function that characterizes aldehydes, 
RCHO, and ketones, RCOR'. The nomenclature and physical prop¬ 
erties of the more common aldehydes are summarized in Table 18 and 
of the more common ketones, in Table 19. 

Preparation 

General methods that are common to the formation of both aldehydes 
and ketones may be summarized as follows: 

1. Oxidation of alcohols: 

(а) Properly controlled oxidation of primary alcohols forms aldehydes. 
Vapor-phase oxidation of primary alcohols over copper-silver catalysts, 
with proper conditions of temperature, rate of flow, etc., is reported to 
give excellent yields of aldehydes. Capraldehyde was obtained in yields 
of 96 per cent; isovaleraldehyde, 78 per cent; benzaldehyde, 91 per cent. 1 

(б) Oxidation of secondary alcohols forms ketones. 

2. Distillation of calcium or barium salts of carboxylic acids: 

(а) The distillation of the salts of higher acids with the salts of formic acid 
forms aldehydes: 

(R-COO) 2 Ca + (HCOO) 2 Ca —>• 2CaC0 3 + 2R—CHO 

According to Sabatier an analogous reaction takes place when the mixed 
vapors of formic acid and a higher acid are passed over titanium oxide; 
water, carbon dioxide, and the aldehyde are formed. 

(б) The distillation of calcium (or barium) salts of carboxylic acids forms 
ketones: 

(R—COO) 2 Ca —► CaC0 3 + R—CO—R 

This procedure is not suitable for the preparation of mixed ketones. 

3. Hydrolysis of compounds with two halogen atoms attached to a single carbon 
atom: 

(а) R—CHX 2 —► R—CHO + 2HX 

(б) R-CXj—R' —> R-CO-R' + 2HX 

1 Aleksandrova, J. Applied Chem. ( U.S.S.R. ), 10, 105 (1937); C.A., 31, 4266 
(1937). 
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4 . By means of the Grignard reagent: 

(a) The Grignard reagent allowed to react with alkyl formate, or with ethyl 
orthoformate, forms aldehydes: 


R—Mg—X + HCOOR' — 

HO—MgX + R'OH + R—CHO 


OMgX 

r-ch^ 525- 

OR' 


R—Mg—X + HC(OEt) 3 —► R—CH(OEt) 2 + EtO—MgX 

R—CH(OEt) 2 + HOH —► R—CHO + 2EtOH 

(b) The Grignard reagent allowed to react with esters (or orthoesters) of 
higher acids, with amides or with nitriles, forms ketones. 

5. Hydrogenolysis of thiol esters: 1 

R—CO-SR' -2V R-CHO + HSR' 

This reaction is particularly useful in the sugar series. 

6. The Roelen method, which depends on the simultaneous addition of carbon 
monoxide and hydrogen across a double bond in the presence of cobalt. It is 
postulated that an intermediate cobalt carbonyl is the active agent : 2 

RCH=CH a + CO + H 2 RCHjCHjCHO 

A method of preparation which may be employed for the synthesis of al¬ 
dehydes consists of the reduction of acid chlorides, palladium being used as 
a catalyst. 

R—CO—Cl —► R—CHO 


Properties 

Reactions which characterize the carbonyl group in both aldehydes 
and ketones may be summarized: 

1. Replacement of the carbonyl oxygen atom with two halogen atoms: 

(а) R-CHO + PX 6 —> R—CHX 2 + POX 3 

( б ) R—CO—R' + PX 5 —> R—CX 2 —R' + POX 3 

2. Formation of bisulfite addition product. 3 

1 Wolfram and Karabinos, J. Am. Chem. Soc., 68 , 724 (1946). 

* Adkins and Krsek, J. Am. Chem. Soc., 70, 383 (1948). 

3 For the correct formulation of these compounds see Shriner and Land, J. Orq. 
Chem., 6 , 888 (1941). 
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OH 

(a) R-CHO + HO—SO—ONa —>- R—CH^ 

SO a Na 


<*> 


R—CO-R' + NaHSOa 


R' OH 

X 


S0 3 Na 


This reaction is characteristic for only a limited number of ketones. 
3. Formation of acetals, which proceeds through the hemiacetal: 

OR' 

R—CHO + R'—OH R—CH^ 

X OH 

HemiaceUl 


/OR' 

+ R'- 


.OR' 


R— CB.( + R'-OH R—CH^ + HOH 

X)H X OR' 


Acetal 


The equilibrium is catalyzed by hydrogen ions. The acetals formed are 
stable towards alkalies. 

Acetals are not readily formed with the ketonic carbonyl group. How¬ 
ever, the acetone sugars, which structurally are acetals, are derived from 
acetone. 


[—A—o. 


i V* 

H—C— O' ""CHa 
HO—C-H 
H-C- 


O 


h-c-o n ^ch 3 

H2C-0' C "CH 3 

DUoetoneduooM 


4. Reaction with hydrogen cyanide to form cyanohydrins: 

(а) R—CHO + HCN —R—CH (OH)—CN 

(б) R—CO—R' + HCN —> R—C (OH)—CN 

I 

R' 

Cyanohydrin formation proceeds less readily with the ketones, and sometimes 
no reaction occurs. 
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5. Formation of alcohols with the Grignard reagent: 

(a) With aldehydes to form secondary alcohols. 

R— Mg—X + R'— CHO —>■ R' —CHOH— R 

( b ) With ketones to form tertiary alcohols. 

R— Mg—X + R' —CO— R" — >■ R' —C(OH)— R" 

I 

R 


6. Formation of /3-hydroxy esters by the Reformatsky reaction: 

R R OH 

\ - \ / 

CO + X—CHR"—COOEt c 

/ / \ 


HaO 


R' 


R' 


CHR"—COOEt 


R 

\ 

C=CR // —COOEt 

/ 

R" 


This reaction, like the Grignard reaction, probably proceeds through a 
X-Zn-alkyl intermediate. Removal of the elements of water from the con¬ 
densation product leaves an unsaturated acid derivative. 

7. Condensation with an active methylene group: 

(a) E.g., in ethyl malonate or ethyl acetoacetate: 


COOEt 


R—CHO + H 2 C 


/ 

\ 


-HaO 


R—CH = C (COOEt) j 


R-CHO + 2 H 2 C 


/ 

\ 


COOEt 


COCHj 

1 

/ COCHa 

—HaO ^ ^ 

^ / 

—► R—CH 

CH 

COOEt 

V COOEt/ 


Analogous reactions take place with ketones. 
(6) E.g. with a- and 7-picoline: 

RCHO + CH3—C5H4N - 

-HaO 

—► RCH=CH 2 CsH 4 N 


RCHOH— CH2 — C5H4N 


(c) The aldol condensation: 

This condensation is useful for the synthesis of /3-hydroxy aldehydes, 
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which readily lose water to form the unsaturated aldehydes: 

2R—CH 2 —CHO RCH 2 —CHOH—CHR—CHO 

RCH 2 CH=CR—CHO 

An aldol type of condensation between acetone and acetaldehyde is 
postulated for the natural synthesis of senecialdehyde (p. 148), which 
has the isopentane carbon skeleton. 

8 . The formation of characteristic derivatives, nearly all of which may be 
employed for identifying the carbonyl-containing compound: 

(а) Oximes, formed by reaction with hydroxylamine. 

R-CHO + H 2 NOH —► R—CH=NOH + HOH 
R—CO—R' + H 2 NOH —► R—C(=NOH)—R' + HOH 

(б) Hydrazones, formed by reaction with hydrazine. 

R—CHO + N 2 H—NH 2 —► R—CH=N—NH 2 + HOH 
R —CO—R' + H 2 N—NH 2 —► R—C=N—NH 2 + HOH 

I 

R' 

(c) Arylhydrazones, formed from phenylhydrazine or substituted phenyl- 
hydrazine. 

R-CHO + H 2 N—NHAr—► R—CH=N—NHAr + HOH 
R—CO—R' + H 2 N—NHAr—► R—C=N—NHAr + HOH 


R' 

( d) Semicarbazones, by reaction with semicarbazide. 

R-CHO + H 2 N—NH—CO—NH 2 —► R-CH=N-NH-CO-NH 2 + HOH 
R-CO-R' + H 2 N—NH—CO—NH 2 —► R—C=N—NH—CO—NH 2 + HOH 

I 

R' 

(e) The formation of aldimines or ketimines (Schiff bases): 

RCHO + H 2 NR' ^ RCH=NR' 


R 

\ 

( 

/ 

R" 


CO + HjNR' 


-HaO 


R 

\ 

( 

/ 

R" 


C=NR' 


9. The Cannizzaro reaction for benzaldehyde, its derivatives and isosters: 

2Ar—CHO ArCH,OH + Ar-COOH 

The aliphatic aldehydes are listed with their properties in Table 18. 
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TABLE 18 


Aliphatic Aldehydes 


Formula 

Name 

Melting 

Point 

°C. 

Boiling 

Point 

°C. 

Specific 

Gravity 

H-CHO 

Formaldehyde, 

methanal 

-92 

-21 

0.815-*° 

CH*—CHO 

Acetaldehyde, 

ethanal 

-123.5 

20.2 

0.781 

CiH»—CHO 

Propionaldehyde, 

propanal 

-81 

48.8 

ns 

n-C,H 7 —CHO 

Butyraldehyde, 

butanal 

-99 

75.7 

0.817 

i-C,H7—CHO 

Isobutyraldehyde, 

isobutanal 

-65.9 

61 

0.794 

n-C«H«—CHO 

Valeraldehyde, 

pentanal 


103.4 

0.819“ 

i-C4Ht—CHO 

Isovaleraldehyde, 

3-methylbutanal 

-51 

92.5 

0.803“ 

n-CftHji—CHO 

Hexaldehyde 

— 

129 

0.834 

n-C,H„—CHO 

Heptaldehyde, 

oenanthaldehyde 

-45 

155 

0.850 

n-CjHir—CHO 

Octaldchyde 

— 

170 

0.821 

n-C ,H, t—CHO 

Nonaldehyde, 

nonanal 


186 

0.828“ 

n- C*H„—CHO 

Decanal 

- 

209.2 

0.828“ 

n-CioHn—CHO 

Undecanal 

-4 

117i, 


n-C„H„—CHO 

Dodecanal 

44.6 

185,oo 


n-CiiHu—CHO 

Tridecanal 

14 

152,4 


n-C,,H, t—CHO 

Tetradecanal 

52.5 

166,« 

. - _ 

n-CigHji—CHO 

Bexadecanal 

58.5 

202 ,, 

- 

h-CitHii—CHO 

Dctadecanal 

63.5 

261,oo 


CH,=CH—CHO 

Acrolein 

-87.7 

62.5 

0.841 

CH,CH=CH—CHO 

Crotonic aldehyde 

-75 

104 

0.859“ 

(CH*)aC=CHCH,CH,CHCH,—CHO 

1 

CH, 

Citronellal 


208 

0.866 





(CH*),C=CHCH,CH,C=CH—CHO 

1 

Ueranial 

— 

229 

0.881 

1 

CH, 






n-Octaldehyde occurs naturally in the oils of rose, lemon grass, and orange flower. 
n-Nonyl aldehyde is found in the oil of rose. Decanal is found in coriander, cassia, 
orris, and rose. Dodecanal is found in the violet and in the coriander. 


Physiological Activity 

The effect of the carbonyl group on the physiological activity of com¬ 
pounds has not been studied extensively or systematically. In general, 
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it may be said that the carbonyl group tends to confer hypnotic proper¬ 
ties on compounds. Thus, acetaldehyde and acetone have hypnotic 
activity. Increase in the size of the alkyl group causes an increase in 
activity much as it does in the alcohols, but the toxicity also increases. 
Unsaturation of the aldehydes and ketones causes increased activity 
and toxicity. Crotonaldehyde and allylaldehyde (acrolein) are markedly 
irritant and lachrymatory. Mesityl oxide and phorone are strongly 
hypnotic but also toxic. 

CH 3 O ch 3 0 CH 3 

\ II \ II / 

C=CH—C—CH 3 C=CH—C—CH=C 

/ / \ 

CHj CHj CHj 

Mesityl oxide Phorone 

ALDEHYDES 

Formaldehyde (Methanal), H—CHO, is a colorless gas, b.p.—21°, 
m.p. —92°, with a very pungent odor. Formaldehyde was discovered 
in 18G8 by A. W. Hofmann who obtained it by passing air saturated 
with methanol vapor over a red-hot platinum spiral. Kekute obtained 
it in pure form in 1892. It is prepared commercially by passing a mix¬ 
ture of air and methanol at 250° over copper or silver. 

Solution of Formaldehyde, U.S.P. (Formalin), is a solution containing 
about 40 per cent by volume and 30 per cent by weight of formaldehyde. 
The solution gradually undergoes change due to the formation of a de¬ 
posit of polymers of formaldehyde. The commercial product usually 
contains 12 to 15 per cent of methanol to prevent the formation of the 
polymers. It is used as a disinfectant and fungicide, e.g., against 
disease organisms in sick rooms and against plant smuts in grain. One 
pint of solution (formalin), when vaporized, will disinfect a room of 
500 cu. ft. capacity. 

Formaldehyde cannot be used on the body as an antiseptic because 
it is irritant, coagulating proteins in wounds, etc. Numerous derivatives 
have been made with the idea of securing a product that would gradually 
release formaldehyde and give a prolonged and mild antiseptic action. 
Compounds of formaldehyde with gelatin, casein, sugars, starches, etc. 
have been made. In general, they have proved too stable to release 
formaldehyde in antiseptic amounts or so unstable that they are highly 
irritant. Because of its hardening effect on tissues, formaldehyde is 
employed frequently and extensively to preserve anatomical and biologi¬ 
cal specimens. 

Formaldehyde forms several polymers; of these only two will be men- 
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tioned here, a-trioxymethylene and paraformaldehyde. Trioxymethyl- 
ene is the oxygen prototype of the polymers of the thioaldehydes and 
thioketones. Trioxymethylene is of theoretical importance. 

O—CH 2 —O 

I I 

CH2—O—CH 2 

a-Trioxy methylene 

Paraformaldehyde is of commercial importance because on being heated 
it regenerates formaldehyde. It is prepared by evaporating solutions of 
formaldehyde; it is a linear polymer of the structure HO—CH 2 — 
(OCH 2 )„—OCH 2 —OH, in which n varies from 4 to 98. It may be con¬ 
sidered as being formed from the aldehydrol structure of formaldehyde: 

ho-ch 2 ;Qh h;och 2 oh 

Paraformaldehyde 

It dissolves in hot water and shows all the properties of formaldehyde. 
Paraformaldehyde is marketed in cakes for use in fumigation. 

Formaldehyde undergoes the Cannizzaro reaction, forming methanol 
and formic acid. 

NaOH 

2HCHO —> HCOOH + CH 3 OH 

Emil Fischer, to whom is owed much of the present knowledge of the sugars and 
proteins, polymerized formaldehyde in the presence of lime water and obtained a 
mixture of simple sugars. Bayer was the first to postulate that such a polymeriza¬ 
tion took part in the photosynthesis of carbohydrates. Fischer called his product 
formose; from this he was able to isolate and identify fructose. 

Various investigators have been able to identify formaldehyde as a product when 
ultraviolet light was allowed to react in vitro on a solution of carbon dioxide in the 
presence of such catalysts as magnesium and iron salts. 

Baly and his co-workers have shown that if a solution of carbon dioxide is ir¬ 
radiated in conjunction with colored substances such as cobalt and nickel salts, sugars 
are formed; these must be formed through formaldehyde as an intermediate. 

Carbon dioxide is available to the plant, and it is well known that it supplies the 
carbon necessary for the growth and development of the plant. However, its reduc¬ 
tion by the plant to formaldehyde, which is then polymerized into carbohydrates, 
was difficult to confirm. Formaldehyde is usually toxic to the growing cell, and hence 
its concentration must of necessity be extremely low. The plant is probably equipped 
with a mechanism which disposes of it as quickly as it is formed. However, Klein 
and Werner (1926), by the use of dimethylcyclohexadione reagent, were able to 
establish the presence of formaldehyde in actively assimilating leaves. They showed 
further that it is present only in those leaves which contain chlorophyll and have been 
exposed to the light. 

Formaldehyde, synthesized from carbon monoxide and hydrogen, was polymerized 
into a mixture of sugars; by means of their osazones it was possible to identify 
formose and a-acrose. 1 

1 Vogel, Helv. Chim. Acta, 11, 370 (1928); C.A., 22, 1756 (1928). 
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On the basis of the evidence, then, it was postulated that in the photosynthetic 
processes of the plant, carbon dioxide is reduced to formaldehyde, which is rapidly 
converted in turn into natural sugars. The condensation of formaldehyde into an 
aldohexose may be indicated as taking place in the following manner: 

---^ H --_^H __ H 


H H H H H 
HiC—C—C—C—C—0=0 

I I I I I 

OH OH OH OH OH 

AldohexoM 


A theory 1 has been advanced through studies in which tagged oxygen atoms 
produced by the cyclotron were employed. Evidence indicates that a reaction 
occurs, CO* + RH RCOOH, that is irreversible in the light and reversible in the 

dark. R is unknown and is probably an enzyme and RCOOH has a molecular 
weight of about 1000 as determined by the ultracentrifuge. The basis of the theory 
may be represented in the equations: 


light light 

CO, + RH -r-J- RCOOH + H,0“ ■—► 0,“ + RCH,OH 

dark chlorophyll 

RCH,OH + CO, —>- RCHOHCOOH 


More complex polyhydroxy molecules can be built up by further reactions with CO,. 
The fact that no formaldehyde could be detected is additional support for this theory. 


Formaldehyde reacts with ammonia to form hexamethylenetetramine. 
The formation of this compound may be represented to take place in the 
manner:' 




1 Hamilton, J. Applied Phys., 12, 440 (1941). 



ALDEHYDES 


143 


Methenamine, U.S.P., N.N.R. (Hexamethylenetetramine, Hexa- 
methylamine, Hexamine, Urotropine), consists of colorless, odorless 
crystals, m.p. about 263° with decomposition, soluble in water about 
1 :1.5, and readily soluble in alcohol and chloroform. When treated with 
acids, it liberates formaldehyde. Alkalies decompose it with the libera¬ 
tion of ammonia. 

It is used as a urinary antiseptic. Its activity is considered to be 
caused entirely by the liberation of formaldehyde in acid urine. If the 
urine is not acid, methenamine is not effective. It is usually adminis¬ 
tered in the form of tablets followed by water or in solution in water. 
If the urine is not acid, some substance that will make it so is adminis¬ 
tered along with the methenamine, e.g., sodium dihydrogen phosphate. 
At one time it was thought that methenamine was valuable as an uric 
acid solvent since its aqueous solution readily dissolves uric acid in the 
test tube. This has not proved to be true in practice probably because 
the concentration that can be attained in the urine is insufficient to dis¬ 
solve uric acid calculi, etc. 

Numerous derivatives of methenamine have been used medicinally. 
Some of these are: 

Helmitol, the anhydromethylcne citrate of methenamine. 

Hexamine camphorate, derived from methenamine and camphoric acid. 

Cystazol, methenamine sodium benzoate. 

Hexalct, sulfosalicylic acid combined with methenamine. 

Mandelamine, mandelic acid combined with methenamine. 

Methenamine readily forms loose chemical combinations with a number 
of compounds. It is doubtful that these compounds have any advantage 
over a simple mixture of the components. 

Acetaldehyde (Ethanal), CH 3 —CHO, was first prepared by Fourcroy 
and Vauquelin (1800), and its composition was established by Liebig 
(1835). It is the first member of the aliphatic aldehyde series to give 
the aldehyde-type reactions. It boils at 20.2° and melts at -123°. It 
may be prepared: 

(а) As a by-product in fermentation (see page 71). 

( б ) By the oxidation of ethanol. 

(c) By hydration of acetylene (see page 21). 

CH=CH + HOH —>- CH 2 =CHOH —>- CH 3 —CHO 

The hydration of acetylene is carried out in the presence of mercury 
salts in dilute sulfuric acid. This reaction is of great industrial impor¬ 
tance since by its use carbon becomes available as a raw material in the 
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organic chemical industry. Acetaldehyde serves as an excellent inter¬ 
mediate in the synthesis of many useful products. 

Although acetaldehyde plays no direct role in medicines, it does appear 
in nature and in biological processes. It is found in small amounts as an 
intermediate in plant respiration. In the anaerobic respiration of 
apples acetaldehyde and ethanol accumulate, producing “ brown heart.” 
It is found in all fruits distinguished by a tart taste before ripening, 
which is subsequently lost . 1 It may be effectively introduced into 
stores of fruit to prevent mold growth . 2 It is believed to take part in 
the carbohydrate and fat formation in plants, and perhaps even in the 
synthesis of proteins . 3 It is found to a very slight extent in human 
breath . 4 

Reactions of acetaldehyde, other than those characteristic of all alde¬ 
hydes, are the following: 

1. With sulfuric acid, it polymerizes to paraldehyde. Paraldehyde distilled 
with acid depolymerizes into acetaldehyde. Isomeric with paraldehyde is 
metaldehyde, an unstable configuration. 

CH* 

I 

CH 

/ \ 

O 0 

I I 

CH»HC CH—CH* 

\ / 

O 

Pmldihyd* 

2. Disproportionation. If acetaldehyde is passed over certain catalysts, e.g., 
over alumina at higher temperatures, it forms ethyl acetate. 

3. The aldol condensation. Acetaldehyde in the presence of dilute alkali 
undergoes the following series of reactions: 

CH 3 -CHO^r^-CH2- CHO-> CH 3 -CHOH-CH 2 -CHO '- 225 » 

Aldol 

ch 3 -ch=ch-cho 

CrotomJdehydo 

1 Steinman, Z . Untersuch. Lebensm., 69, 479 (1935); C.A., 29, 7517 (1935). 

* Trout and Tomkins, J. Council Sci. Ind. Research, 4, Nos. 1, 6 (1931); C.A., 25, 
3094 (1931). 

* Ganassini, Arch. ist. biochim. ital., 7, 19 (1935); C.A., 29, 7345 (1935). 

4 Libbrecht and Massart, Compt. rend. soc. biol., 117, 495 (1934); C.A., 29, 1155 
(1935). 
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It can be seen that these reactions make possible the synthesis of an 
extended series of organic compounds; e.g., crotonaldehyde may be 
reduced to butyraldehyde; butyraldehyde may undergo the aldol reac¬ 
tion, and reduction of the unsaturated aldehyde will form 2-ethyl-l- 
hexanol. 

Paraldehyde, U.S.P. (Para-acetaldehyde), is a colorless liquid of 
characteristic odor and disagreeable taste, b.p. about 122°, becoming 
solid at about 9°, soluble in water 1 :8, and miscible with alcohol, 
ether, and chloroform. As previously indicated, it is formed by treating 
acetaldehyde with concentrated sulfuric acid, when a vigorous reaction 
ensues. When paraldehyde is treated with dilute sulfuric acid, it is 
depolymeri zed to acetaldehyde. 

It is a prompt and effective hypnotic and sedative causing sleep in 10 
to 15 min. after administration. This action is less prompt and certain 
than with chloral. Disadvantages are its disagreeable taste and a 
persistent fusel oil odor which it imparts to the breath. It is used in 
such conditions as delirium tremens, administered in dilute aqueous 
solution. Other hypnotics have replaced it to a considerable extent. 

Heptaldehyde applied simultaneously with methylcholanthrene seems 
to inhibit carcinogenic activity; however, once the tumor has started, 
the aldehyde has no such effect. 1 

n-Octanal comprises 75 to 80 per cent of the essence of sweet oranges 
from French Guinea. 2 Other aldehydes present are nonanal, decanal, 
and citral. 

AROMATIC ALDEHYDES 

Aromatic aldehydes have an aromatic nucleus and one or more alde¬ 
hyde groups. 

Benzaldehyde was discovered in 1803; it is the chief constituent of 
oil of bitter almonds. It shows practically all the chemical properties 
characteristic of aldehydes and in addition undergoes reactions peculiar 
to compounds in which the aldehyde group is attached directly to the 
aromatic nucleus. 


Preparation 

Benzaldehyde is prepared commercially from toluene which is con¬ 
verted into benzalchloride and hydrolyzed with alkali: 

CeH 6 -CH 3 -2W CtHs—CHClj C 6 H s -CHO 

under pressure 

jCarruthers, Arch. Path., 30, 1184 (1940); C.A., 35, 2591 (1941). 

Benezet and Igolen, Bull. soc. chim., 1946, 359; C.A., 41, 3585 (1947). 
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It may be prepared by the oxidation of benzyl alcohol or of a phenyl- 
substituted unsaturated hydrocarbon, e.g.: 

CeHs—CHaOH C 6 H 8 —CHO 

C 8 H 8 — CH=CH 2 —W C»Hs—CHO 

Another interesting synthesis is the Gattermann-Koch adaptation of the 
Friedel-Crafts reaction; i.e., benzene is treated with carbon monoxide 
and hydrogen chloride in nitrobenzene, cuprous and aluminum chlorides 
being used as catalysts: 

C«H* + CO + HC1 ^ C«H 6 —CHO + HCl 

CttaCb 

Certain aromatic acids may be converted into their hydrazides, and 
these, after treatment with benzenesulfonyl chloride, may be decom¬ 
posed, by warming with alkali, into the corresponding aromatic alde¬ 
hydes. 1 

alkali 

Ar-CO— NHNH-S0 2 C*H 6 —► C*HsS0 3 Na + N* + Ar—CHO 
As an example, the 3,4,5-tribenzyloxybenzhydrazide forms the triben- 
zylether of gallaldehyde in yields of 94 per cent. 2 

When warmed with a solution of potassium cyanide, benzaldehyde 
undergoes the benzoin condensation, a reaction which may be explained 
as follows: 


CsHs—CHO + KCN 


CN 

I 

C«Hi—C—OK 


C*H»—CHO 


CN OH 

i i ... 

CsHi—C-C—C#Hi 

I I 

OK H 


O 


OH 

I 


KCN + C*Hs—C- C—CqHs 

I 

H 


This type of condensation also occurs in some of the aliphatic aldehydes; 
e.g., formaldehyde in weakly alkaline solution forms glycolic aldehyde: 

O O OH O 

II II I II 

H—C—H + H—C—H —► H—C-C—H 

I 

H 

Glycolic aldehyde 

1 McFadyen and Stevens, J. Chem. Soc., 1936, 585. 

* Clinton and Geissman, J. Am. Chem. Soc., 65, 85 (1943). 
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Acetaldehyde, in a similar manner, during the fermentation of sugar by 
yeasts, is condensed into acetoin, CH 3 —CO—CHOH—CH 3 . This type 
of reaction is called the acyloin condensation. 

Benzaldehyde, with no hydrogen atom alpha to the carbonyl, under¬ 
goes the Cannizzaro reaction; i.e., in the presence of concentrated 
alkali, it is converted into an alcohol and an acid. The reaction is 
explained by the following equation: 

KOH 

2C*H 6 —CHO —► [C«H 6 —CO—O—CH 2 —CflHfcJ —> 

C«H*COOK + CflH*—CH 2 OH 

Benzaldehyde, N.F., is a liquid with a characteristic odor and a burn¬ 
ing taste. Although benzaldehyde has some antispasmodic and a mild 
anesthetic activity, it is used chiefly as a flavor in various pharmaceutical 
preparations. 

Phenylacetaldehyde, C«H 6 —CHjCHO, behaves like an aliphatic 
aldehyde. Because of its hyacinthlike odor it is used in perfumes. 

PHENOLIC ALDEHYDES 

These include: 


CHO CHO CHO 



CHO 



O-CH 2 


Piporonal 


CHO 



Salicylaldehyde (o-Hydroxybenzaldehyde) occurs in some volatile oils. 

Amsaldehyde (p-Methoxybenzaldehyde) occurs in oils of anise and 
fennel. 

Piperonal (Heliotropin, 3,4-Methylenedioxybenzaldehyde) is made by 
oxidizing safrole or piperic acid from pepper. It is important in per¬ 
fumery. 

Vanillin, U.S.P. (3-Methoxy-4-hydroxybenzaldehyde), is a constituent 
of a number of volatile oils. It is the chief constituent of Vanilla , N.F. 
It consists of needles having a vanillalike odor and taste. It is slightly 
soluble in water (1 : 100) and readily soluble in alcohol and other organic 
solvents. It is made synthetically in large amounts from guaiacol. It 
may also be prepared by the oxidation of coniferyl alcohol (see page 
116). It has been isolated in yields as high as 25 per cent by treating 
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lignin with mild oxidizing agents, such as copper hydroxide or nitro¬ 
benzene, in the presence of alkalies.' 

Vanillin is used extensively in synthetic vanilla extracts which are 
used as flavors in food products. It is also used to some extent to flavor 
pharmaceutical preparations. It has no appreciable physiological 
activity in the small amounts usually employed. 

Syringaldehyde (3,5,-Dimethoxy-4-hydroxybenzaldehyde) may be 
isolated from the lignin of hardwood. 2 

UNSATURATED ALDEHYDES 

Unsaturated aldehydes behave both as aldehydes and as compounds 
with a double bond. Individual members of the series to be mentioned 
include the following: 

Acrolein, CH 2 =CH—CHO, prepared by the oxidative dehydration 
of glycerol, is the aldehyde corresponding to allyl alcohol. It possesses 
a particularly pungent odor and is strongly lachrymatory. It is sug¬ 
gested that as a degradation product of lipoids acrolein may contribute 
to, and possibly be responsible for, clinical and pathological shock. 3 
It is frequently encountered when fats have been heated at a high tem¬ 
perature. The formation of acrolein is employed as a qualitative test 
for glycerol. 

Crotonic Aldehyde, CH 3 —CH=CH—CHO, is a synthetic compound, 
obtained by the distillation of aldol. It has been used in gas mains to 
detect leaks. 

Senecialdehyde (3-Methyl-2-buten-l-al, Dimethylacrolein), (CH 3 ) 2 - 
C=CH—CHO, is the first member of the branched-chain, unsaturated 
aldehydes. It has been prepared by the removal of HBr from a-bromo- 
isovaleraldehyde. It possesses a more pungent odor than isovaleralde- 
hyde, and it is quite unstable. It boils at 132°/730. Considerable 
interest attaches to this compound because of its theoretical existence as 
an intermediate in the natural synthesis of many volatile oils. It may 
be considered as being formed from acetone and acetaldehyde through 
an aldol-like condensation (see page 138). 

CH 3 CH s 

\ -HOH \ 

pco + H 2 CH—CHO —>- ^)C=CH—CHO 
CH 3 ch 3 

1 Pearl, J. Am. Chem. Soc., 64, 1429 (1942). 

* Creighton, McCarthy, and Hibbert, J. Am. Chem. Soc., 63, 3049 (1941). 

* Kamen, Proc. Soc. Exptl. Biol. Med., 52, 363 (1943). 
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A condensation of this type catalyzed by glycine has been carried out 
in vitro. 1 

Dimerization (aldol condensation of vinylogs) 2 would lead to the 
synthesis of the diisoprene carbon skeleton, 

CH 3 h 2 ch 

^C=CH—CHO + yC=CH—CHO c—C=C—C=C—C=C—CO 

CH« I I 

This followed by biological reduction and other chemical reactions, e.g., 
cyclization, may then be looked upon as the natural precursor of the 
terpene compounds, and of the carotenes, etc. 

2 -Hexenal, CH 3 CH 2 CH 2 CH=CH—CHO, has been isolated from 
beech leaves. 

Citronellal (3,7-Dimethyl-6-octenal) 

CHjC=CHCH 2 CH 2 CHCH 2 CHO 
I I 

CH, CH S 

is the naturally occurring aldehyde corresponding to citronellol. 

Citral a and Citral b are geometric isomers of 3,7-dimethyl-2,6-octa- 
dienal with the formulas as indicated: 


CH a 

\ 

/ 

CH 3 


CH S 


C=CH—CH 2 —CH 2 —C 


/ 


HC—CHO 


CM-3.7-DimethyI-2,6- 

octodicnal. 
citral a 


CHa 


/ 


CHa 


/C=CH—CH 2 —CH 2 —C 

CHa N 

OCH—CH 


Irons -3.7-Dimcthyl-2,6- 
octadicnal, 
citral 6 


Citral a is the aldehyde corresponding to geraniol, and citral b corre¬ 
sponds to nerol. Citral is found in various natural oils, especially in oil 
of lemon grass. Citral aids in epithelization in diseases of the cornea 
and in such cases exerts pronounced analgesic effects when instilled in 
small amounts. 3 

2 -Decenal and 8-Methyl-2-nonenal have been found in flowering 
coriander. 

Cinnamaldehyde (Phenylacrolein), C«H 6 —CH=CH—CHO, is found 
m oil of cassia and is the chief constituent of oil of cinnamon. 

6 ' 261 (i94i>: 3s ’ 7427 < i94i >- 

cifiSSSaoS BudttitSkaya ’ KUn - Med WASJt). 24, No. 12, 23 (1946); 
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KETONES 

Acetone, N.F., CH 3 —CO—CH 3 , the first member of the ketone 
series, may be prepared from appropriate intermediates according to 
the general methods already described. Commercially, it is prepared 
largely by the distillation of calcium acetate and by fermentation, by 
the action of Bacillus granulobacler on various grains. This organism 
acting on starches produces a liquor which on distillation produces 
about 30 per cent acetone, 55 per cent butanol, and 10 per cent ethanol. 

TABLE 19 


Ketones 


Formula 

Name 

Melting 

Point 

°C. 

Boiling 

Point 

°C. 

Specific 

Gravity 

CHj—CO—CH, 

Acetone, propanone, 
dimethyl ketone 

-94.3 

56.1 

0.792 

CHi—CO—CjHs 

Butanone, methylethyl 
ketone 

-86.4 

79.6 

0.805 

CH,—CO—n-C,H, 

2-Pentanonc, methyl-n-pro- 
pyl ketone 

-77.8 

101.7 

0.812“ 

CHj—CO—CH (CHj)j 

3-Mcthyl-2-butanone, 
methylisopropyl ketone 

-92 

93 

0.815“ 

CjH t—CO—C,H & 

3-Pentanone, diethyl ketone 

-42 

101.7 

0.814 

CH,—CO— 71 -C 4 H, 

2-Hexanone, 

methyl-n-butyl ketone 

-56.9 

127.2 

HI 

CH,—CO—i-C«H» 

4-Methyl-2-pcntanonc, 
methylisobutyl ketone 

-84.7 

119 

0.803 

CHr-CO—CHC,H, 

1 

CH, 

3-Methyl-2-pentanone 


117.8 

0.815 





CH,—CO—C(CH,), 

3,3-Di methy 1-2-bu tanone 

-52.6 

106.2 

0.811 

C,H,—CO—C,H, 

3-Hexanone 


124 

0.818 lT< * 

C,H,—CO—CH (CH,)i 

2-Methyl-3-pentanone 


114.5 


CH,—CO—n-C,Hn 

2-Heptanone 


150 

0.822“ 

CH,—CO—n-C.H„ 

2-Octanone 

- 21.6 

172.7 

0.818 

CH,—CO—n—C,H„ 

2-Nonanone 

-19 

196 

0.832 

CH,—CO—C,H„ 

2-Decanone 

3.5 

211 

0.825 


Acetone forms 30 per cent of the products when corn or molasses is 
fermented with Clostridium acetobutylicum, the so-called Weizmann 
fermentation. 

Acetone may be prepared on a commercial scale by the catalytic 
oxidation of 2-propanol. The alcohol is passed over copper at 300°. 

300* 

CH 3 —CHOH—CH 3 - 7 t> CH 3 —CO—CH 3 + H 2 
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A more recent process passes acetylene with steam over a lead-free 
catalyst, which is prepared from ferric oxide, 25 per cent, and zinc oxide, 
75 per cent. 1,2 

Mixtures of water vapor and acetylene passed over metallic oxide 
catalysts form acetone. 3 

Acetone is frequently found in the urine of diabetic patients, being 
formed by an abnormal decarboxylation reaction of acetoacetic acid, 
CH 3 CO CH 2 COOH, during the /3-oxidation of the fatty acids. 

Reactions of acetone are the following : 

1. The haloform reaction; the first product on halogenation is the trihalo- 
genoacetone which is decomposed by means of alkali to the haloform and an 
acid: 

CH 5 -CO-CH 3 + 3X 2 + 3KOH —>• CH 3 —CO—CX 3 + 3KX + 3HOH 
CH 3 —CO—CX 3 + KOH —► CH 3 —COOK + CHX 3 

This haloform reaction of acetone is characteristic of all methyl ketones, for 
which the general reactions are indicated : 

R — c °—CH 3 + 3X 2 + 3KOH —► R—CO—CX 3 + 3KX + 3HOH 
R —CO—CX 3 + KOH —► CHX 3 + R—COOK 

2. Acetone reduced by catalytic methods, forms isopropyl alcohol. If the 
ketone is reduced by means of metals, such as sodium, potassium, zinc, and 
magnesium, two molecules condense to form pinacol. 


CH 3 ch 3 

h I I 

2CH 3 COCH 3 —> HO—C-C—OH 

I I 

ch 3 ch 3 

Pinacol. 

tctramcthyl- 

ethyleneglycol 


o 

II 

(CH 3 ) 3 =C-C-CH 3 


Pinacolono, 
tert- butyl- 
methyl ketone 


Tetramethylethyleneglycol, readily formed, may be dehydrated to form 2,3- 
dimethylbutadienc, a higher homolog of isoprene. This doubly unsaturated com¬ 
pound may be polymerized, much as isoprene is, to form what is known as “ methyl 
rubber. J 


Methylethyl Ketone, CH,-<X)-CH,CH,, as such has not been found 
m nature. It is worthy of mention here because of several compounds 
which may be considered to be derived from it. If this ketone is allowed 
to react with nitrous acid, the monoxime of diacetyl is formed; conver¬ 
sion mto the dioxime provides the interesting analytical reagent com- 
monly known as dimethylglyoxime. 

»Jones, Ind. Chemist , 22, 195 (1946); C.A., 40, 4022 (1946). 

Liyck, Can. Chem. Process Inds.. 30, No. 9. 34 (19461 • C A 41 qqq 
8 Mueller and Sutherland, Canadian pat. 388,707; C.A., 34, 5094 (1940). ^ 
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HONO HaNOH 

CHj—CO—CH 2 —CH3 ^ CHy—CO—C—CH3 ► CH3—C—C—CH3 

II II II 

NOH HON NOH 

Diacetyldiozime, 

dimethylglyoxim® 

Biacetyl, CHj—CO—CO—CH», is the substance responsible for the aroma of 
butter, and it is present in the aroma of coffee and tobacco smoke. 1 Butter prepared 
from ripened cream contains 0.05-0.5 part per million of biacetyl. Biacetyl, along 
with butylene glycol, CH,—CHOH—CHOH—CH,, and acetylmethylcarbinol, 
CH,—CO—CHOH—CH«, is a product of bacterial activity in the ripening of cream 
for churning. 


Methylamyl Ketone (2-Heptanone), CH 3 COCH 2 CH 2 CH 2 CH 2 CH 3 , is 
responsible for the “ peppery ” odor in cheeses of the Roquefort type . 2 
It also is found in oil of clove and cinnamon-bark oil. It is frequently 
used in synthetic carnation oils. 

Methylheptyl Ketone (2-Nonanone), CH 3 — CO—(CH 2 ) fl CH 3 , has 
been found to a slight extent in oil of rue. Methyloctyl Ketone (2- 
Decanone), CH3CO—(CHO7CH3, has been found to the extent of about 
8 per cent in oil of rue. 

This occurrence of an aliphatic methyl ketone with an even number of carbon 
atoms in a natural oil is unusual, for all the other known methyl ketones isolated in 
nature have uneven numbers of carbon atoms in their chain. If the methyl ketones 
are formed by beta-oxidation of the fatty acids, with subsequent decarboxylation, 
then 2-decanone must have its origin in undecylic acid. Fatty acids in nature with 
odd-numbered carbon atoms are known to occur naturally, e.g., oenanthic acid is 
found in calamus oil and pelargonic acid; undecylic acid and tridecylic acid are 
found in the oil of iris.* 

Methylnonyl Ketone comprises about 85 per cent of oil of rue. 
12-Nonacosanone, CH8(CH 2 )io—CO—(CH 2 )ieCH 3 , has been isolated 
from cabbage-leaf wax. 

ALDEHYDES AND KETONES IN THE TERPENE SERIES 

The cyclization of geraniol to a p-menthane derivative has been 
mentioned (p. 81). The corresponding aldehyde, citral or geranial, 
undergoes similar cyclization unless the carbonyl group is masked, e.g., 
as in a Schiff base or citrylidenecyanoacetic acid when the cyclization 
forms cyclocitrals, indicated as follows: 

1 Schmalfuas and Barthmeyer, Biochem. Z., 216, 330 (1929); C.A., 24,1432 (1930). 

* Hammer and Bryant, Iowa Stale Coll. J. Sci., 11, 281 (1937); C.A ., 31, 8Q52 

(19 « 3 St! Pfau, Helv. Chim. Ada, 15, 1267 (1932); C.A., 27, 268 (1933). 
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CH3 CHj 

\ / 

C 


CN 


HC 


CH—CH=C 


/ 


CN 


H 2 C C—ch 3 

\ / 

ch 2 

Citrylidenecyanoacetic Acid 

/ 

CHj CH 3 

\ / 
c 

/ \ / 

H 2 C CH—CH=C 

1 1 \ 

H,C C-CH, COOH 

CH 

1 

ch 3 ch 3 

\ / 
c 

/ \ 

H 2 C CH—CHO 


\ 


COOH 


CN 


mild oxidation 
in alkaline 
medium 


I I 

h 2 c c—ch 3 

\ ^ 

CH 

o-Cyclocitral 


\ 

CH, CH, 

\ / 

C 

/ \ / 

H,C C—CH=C 

I II \ 

H,C C—CH, COOH 

\ / 

CH, 

I mild oxidation 
I in alkaline 
T medium 

CH, CH, 

\ / 

C 

/ \ 

H,C C-CHO 


H,C C—CH, 

\ / 

CH, 

0-Cyclocitral 


These cycles appear in the carotenes. With dilute sulfuric acid both 
the o- and 0-compounds are obtained. Citrylideneacetone, known as 
pseudoionone, cyclized under similar conditions, forms a- and 0-ionones. 1 

ch 3 ch 3 

\ / 
c 

/ \ 

h 2 c c—ch=ch—co—ch 3 


ch 3 ch 3 

\ / 
c 

/ \ 

h 2 c CH—CH=CH—CO—ch 3 


h 2 c 


C-CH3 


\ 

CH 

a-Ionone 

1 Royals, Ind. Eng. Chem., 38, 546 (1946) 


h 2 c c—ch 3 

\ / 

ch 2 

0-Ionone 
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a-Ionone has a sweeter odor than the /3-isomer, resembling that of 
violets. It is formed predominantly if 85 per cent phosphoric acid is 
employed as the condensing agent . 1 Because of their pleasant odor the 
ionones are of considerable technical importance. 

Except for their odor the ionones have been considered physiologically 
inert. Reports, however, are that they possess powerful antisympathetic 
properties . 2 * 


Evidence indicates that in the ionone group the violet odor is dependent upon the 
presence of a cyclohexane nucleus carrying at least three methyl groups on the ring 
and a side chain of the structure —CH=CH—CO—CH>; two of the methyl groups 
must be ortho to the side chain. The position of the double bond in the nucleus 
affects the quality but not the type of odor. If only one of the methyl groups in the 
cycle is ortho to the side chain, the substance has a rose odor.* 


Irone, a ketone found in orris root, possesses the characteristic odor of 
violets. Because of its aroma and many of its reactions, it was assumed 
to be a derivative of the ionones. Degradation forms a pimelic acid 
derivative, which originally was explained on the basis of a seven- 
membered cycle . 4 Ruzicka and co-workers subsequently showed that 
irone is a mixture of three isomers . 1 The oxidation of the 7 -isomer yields 
a /3-keto acid which on hydrolysis forms trimethylpimelic acid. 


CH 3 ch 3 

\/ 

C 

/\ 

CH 3 HC CHCH=CH—CO—ch 3 

I I 

h 2 c c-ch 3 

w 

CH 

a-Irone 


ch 3 ch 3 

\/ 

c 

/\ 

CH 3 HC CCH=CH—CO—ch 3 

I II 

h 2 c c—ch 3 

\ / 

ch 2 

fi- Iron® 


ch 3 ch 3 

\ / 

c 

/ \ 

ch 3 hc 


h 2 c 


CHCH=CH—CO—CH 3 

I 

c=ch 2 


\ / 

ch 2 

7-Irone 


ch 3 ch 3 

\ / 

c 

O, / \ 

—► CH 3 HC CH-COOH 

I I 

h 2 c c=o 

\ / 

ch 2 


1 Kibbert and Cannon, J. Am. Chem. Soc., 46, 119 (1924). 

* Hastings and Shimkin, Science, 103, 643 (1946). 

* Jitkow and Bogert, J. Am. Chem. Soc., 63, 1979 (1941). 

4 Ruzicka, Schinz, and Seidel, Helv. Chim. Ada, 23, 935 (1940). 

* Ruzicka, Seidel, Schinz, and Pfeiffer, Helv. Chim. Ada, 30, 1807 (1947). 
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CH 3 ch 3 

\ / 

C 

/ \ 

CHaHC CHa—COOH 

I 

H 2 C COOH 

\ / 

CHa 

Trimethylpimelio acid 


CYCLIC KETONES 

The ketones derived from terpenes and other cyclic compounds seem 
to show no uniform type of physiological activity. In large doses, 
most of them cause excitement followed by depression through action 
on the central nervous system. Many of them have a hemolytic action 
on the blood. The hemolytic activity of the liquid keto-terpenes is 
closely related to their solubility in water. The hemolysis seems to 
result from a lowering of the surface tension by the dissolved keto- 
terpenes. 

Jasmone, the odoriferous principle in jasmine has the structure: 


CHa—C—CH 3 

^C-CHa—CH=CH—CHaCH, 
CHa—C=0 


Jasmone 


CH, 

I 

CH 

/ \ 

H,C CHOH 

I I 

HjC C=0 

\ / 

CH 

I 

CH 

/ \ 

CH, CH, 

Diosphonol 


Diosphenol (Buchu Camphor) occurs to the extent of 15 to 30 per 

cent in the oil distilled from the leaves of Barosma betulina, a South 

African plant. It occurs optically inactive, crystallizes when cool, and 

melts at 83 to 84®. The antiseptic properties of the oil are attributed 
to it. 

Carvone (6,8 (9)-p-Menthadiene-2-one), C 10 H 14 O, is a constituent of 
spearmint, oil of kuromoji, etc. On hydrogenation it forms hexahydro- 
carvacrol, and on dehydrogenation it forms carvacrol. 
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Menthone (3-Menthanone) is the ketone corresponding to menthol. 

Piperitone (l-p-Menthen-3-one) occurs in a variety of eucalyptus oils. 
It possesses a pleasant camphoraceous odor. 

Piperitenone (1,4 (8 )-p-Menthadien-3-one), and isopiperiterume (1,8 (9)- 
p-menthadien-3-one), have been isolated in small amounts from Moroc¬ 
can oil of pennyroyal. Piperitenone, heated with palladium-charcoal 
to 200-225°, isomerizes into thymol. 

( + ) Pulegone (4(8)-Menthen-3-one) is a constituent of oil of 
pennyroyal. 

Thujone (5-Thujanone) is found in thuja oil, sage oil, tansy oil, and 
oil of wormwood. 

Camphor, U.S.P. (2-Camphanone), is found in all parts of the Cin- 
namamum camphora, the camphor tree of China and Japan. The 
main source of natural camphor is Formosa, and the tree is now being 
successfully cultivated in India, Burma, Australia, etc. The proof of 
its structure is complete but will not be given here since it is quite 
involved. The accepted structure is that shown. Camphor is a mild 
irritant and antiseptic, often employed in the form of spirits or liniments. 
Applied externally it produces a mild analgesia and rubefaction with 
little sensory irritation. It is used clinically as a temporary cardiac 
stimulant. It is a household remedy in colds and bronchitis and is 
used as a diaphoretic and expectorant. In toxic doses it depresses and 



BoraooL 


CH 

Camphor 
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paralyzes the central nervous system; it produces nausea, vomiting, 
colic, etc. 

Since camphor is such an important substance and the supply is 
restricted to growth in limited geographical areas, efforts have been 
made to produce camphor synthetically. Satisfactory methods have 
been developed, depending on pinene as raw material. The steps are 
briefly summarized on the preceding page. 

Vetivon, which exists in stereoisomeric forms, is a ketone in the 
azulene series. It is the odoriferous component of vetiver oil. 1 


(j^H, 

d \A /C 0 

CH, ^CH—CH, 


CH. 

Yetivoa 


Civetone is a ketone of large cycle. It is responsible for the charac¬ 
teristic odor of civet, the glandular secretion of the civet cat. The 
odor is disgustingly obnoxious, yet on extreme dilution it becomes very 
pleasant and is a valuable constituent of fine perfumes. 


/(CH,) ? 

HC \ 

II CO 
HC / 

\(CH 2 ) 7 

Civetone 


CH, 

/ \ 

CH,—CH CO 

\ / 

(CH,)„ 

Muskone 


Musk, the dried secretion of the preputial follicles of the musk deer, 
owes its value as a constituent of perfumes to muskone. Musk from the 
muskrat consists of normuscone (40 per cent) and dihydrocivetone 
(58 per cent). It also contains cyclotridecanone (1 per cent) and cyclo- 
nonadecanone (0.7 per cent). The relative amounts of ketones parallel 
closely the ratio of fatty acids with one more carbon atom in the animal 
fat. The mechanism suggested for the biological formation of these 

1 Naves and Perrottet, Helv. Chim. Acta, 24, 3 (1941). 
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cyclic ketones is :* 
XJH*—CH» 

(CHj) n 

CH.-COOH 


Partial 


omega 

oxidation 


(CH,) 




H,—CHO 


\ 


CH,—COOH 


/CH-CHOH 

- A»dol-Uko fpTT / / 

condensation Vvilyn / 

Ndh.-cooh 




GR, 

(CH*. CHOH 

x ch/ 


I 


^oxidation 


I" 


/ C 


H, 


(.CHO ' X CO - C °' 
n ch^ 


dx)QH 


GH, 

(CH*/ ^CO 
CH, 


Civetone has been prepared in 33 per cent yield from octadecendioic 
acid by cyclization: 

CH(CH 2 ) 7 

CH(CHj)jCOOH £ H (CH,) T 

Civetone 


CH(CH 2 ) 7 COOH _h , 04 _ co . 


and muskone is similarly obtained in yields of 22 per cent from 3- 
methylhexadecandioic acid. 2 

CHy~CH—CHj—COOH CHr-CH—CH 2 

I —II 

(CH 2 ) 12 —COOH (CH 2 ) 12 CO 

Muskone 


Because these natural products are rare and expensive other ketones 
with large cycles have been synthesized and examined as possible sub- 

CH 2 

/ \ 

stitutes; e.g., cyclopentadecanone, (CH 2 )i 2 CO, is used as a 

\ / 

CH 2 

substitute for musk. 3 

1 Stevens, J. Am. Chem. Soc., 67, 907 (1945). 

■ Bloomquist, Holley, and Spencer, J. Am. Chem. Soc., 70, 34 (1948). 

•Chopra, Indian Med. Gcu., 67, 321 (1932); C.A., 26, 4380 (1932). 



AROMATIC KETONES 


159 


Ninhydrin (Triketohydrindene Hydrate), is a specific reagent for 
a-amino acids, which it oxidizes to liberate ammonia, carbon dioxide, 
and an aldehyde: 

COOH 

RCH RCHO + NH, + C0 2 

\ 

NH, 

The reduction product from the ninhydrin reacts with the liberated 
ammonia and unchanged ninhydrin to give a blue substance according 
to the equation: 


4- 2 NH, + 


Ninhydrin Reduced ninhydrin 





fBluo color) 


AROMATIC KETONES 

Ketones in the aromatic series may be conveniently synthesized by 
means of the Friedel-Crafts reaction 1 or, for phenolic ketones, by the 

The mixed alkylaryl ketones have marked hypnotic activity which 
increases with the size of the alkyl group; e.g., phenylmethyl ketone 
is less hypnotic than phenylethyl ketone. All of them are toxic, having 
a deleterious action on the heart. 

1 Calloway, Chem. Revs., 17, 327 (1935). 

2 Blatt, Organic Reactions, 1, 343-369 (1942). 
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Acetophenone (Phenylmethyl ketone, Acetylbenzene), C 6 H 6 —CO— 
CHj, the first member of the series, has been used as an hypnotic and 
has appeared in the medical literature under the name hypnone. With 
the advent of better hypnotics, however, it has been displaced. Aceto¬ 
phenone has definite antiepileptic activity . 1 

Other members of this series are used as intermediates in the syn¬ 
thesis of drugs. 

Zingherone (4-(3-Methoxy-4-hydroxyphenyl)-2-butanone), CeH 8 — 
OH OCH 3 —CH*—CH 2 COCH 3 , is the active principle of Zingiber 
officinale. 

Compounds of the type Ar—(CHj)„—CO—CH a , where n is greater 
than 1 , have the pungent taste of ginger or capsicum . 2 

3-Acetyl-6-methoxybenzaldehyde, m.p. 141-143°, occurs in Encelia 
farinosa and is the principle in the plant that inhibits growth in the 
tomato and other plants . 3 


QUINONES 

Quinones are oxidation products of 0 - or p-dihydroxybenzenes or 
their derivatives. Catechol is easily oxidized to o-quinone; quinol 
(hydroquinone) readily forms p-quinone. Resorcinol and its deriva- 
tives do not form quinones. 



OH 0 



OH 0 


Quinol p-Quinone 

The quinones have been of interest for many years as synthetic chemi¬ 
cals and as naturally occurring constituents of plants. New interest 
in their medicinal possibilities has been created through the discovery 
that vitamin K is a naphthoquinone derivative. 


1 Quevauviller, Ann. pharm. franc., 5, 16 (1947); C.A., 41, 6984 (1947). 

* Mameli, Boll. chim. farm., 68, 949 (1929). 

* Gray and Bonner, J. Am. Chcm. Soc., 70, 1249 (1948). 
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2 ,6-Dimethoxybenzoquinone, exhibits bacteriostatic action in the 
presence of living tissue. Intravenous injection of 0.04 per cent solu¬ 
tion to patients with severe septic poisoning gave some favorable 
clinical promise. 1 

Vitamin K (Phylloquinone) was suspected to be a deficiency factor by 
Dam 2 when he observed that chicks fed a specially purified diet developed 
hemorrhages of the skin, mucous membranes, and other soft tissues 
within two or three weeks. Later, he showed that the hemorrhagic 
tendency was apparently caused by a decrease in the prothrombin con¬ 
centration of the blood. This condition could be overcome by feeding 
alfalfa, spinach, or kale. He decided that these substances must contain 
some antihemorrhagic factor that was vitaminlike in nature and desig¬ 
nated it “ vitamin K,” the “ Koagulations-Vitamin.” Early in 1939, 
Dam and his associates and Doisy and his associates in this country 
isolated pure vitamin K from alfalfa. They called it Ki to differentiate 
it from a substance called vitamin K 2 isolated from putrefied sardine 
meal by Doisy, MacCorquodale, and co-workers. 3 Studies by Almquist 4 
and others showed that various simple naphthoquinones, such as phthi- 
ocol from the capsule of the tubercle bacillus, had vitamin K activity. 
Further studies have shown that 2-methyl-l,4-naphthoquinone is an 
effective substance for restoring the prothrombin level in man. It is 
reported to be about three times as active as vitamin K,. The struc¬ 
tures have been shown to be: 


H O 

c A 


HC C ‘aC-CH, CH, ClT, CH, CH, 

h S„A^- ch,ch “ c(Ch . ) 1 CH(CH,) .c h(Ch,) ,c h - c h, 


c 

I 


0 



Vitamin Ki. 

2-mot hyl-3-phy ty 1-1.4-naphthoquinone 


CH* 


Vitamin Kz. 
2-methyl-3-difarnesy 1- 1 ,4-naphthoquinone 


(1947) ,ereV and Efim0V ’ Farmako1 i Toksikol., 9, No. 3, 59 (1946); C.A., 41, 5634 

* Biochem. Z., 215, 475-492 (1929). 

3J . Am. Chem. Soc., 61, 1612 (1939). 

* Almquist and Kiose, J. Am. Chem. Soc., 61, 1611 (1939). 
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o o 




Menadione, 

Phthiocol 2-methyl-l,4-naphthoquinone 


Vitamin Ki was synthesized 1 by condensing phytol with 2-methyI- 
1,4-naphthoquinone. 



2-Methyl-l, 4-napthoquinone. Phytol Vitamin Ki 

menadione 


Vitamin Ki in the form of a highly potent concentrate obtained from 
alfalfa and dissolved in corn oil is used to some extent. However, 
the product used most extensively is the synthetic 2-methyl- 1,4-naph- 
thoquinone. Vitamins Ki and K 2 are ineffective in normal animals or 
people. 

Vitamin K 3 may be extracted from com stigma; it speeds the coagula¬ 
tion of normal blood as well as blood deficient in prothrombin, accelerat¬ 
ing the effect severalfold, with maximum activity 2 to 4 hours after 
administration. It appears to be related chemically to phytol. 2 

For other examples of quinone structures, see Antibiotics, page 462. 

Menadione, U.S.P., N.N.R. (2-Methyl-l,4-naphthoquinone), is a 
yellow, crystalline, practically odorless substance, m.p. 105-107°; it is 
practically insoluble in water and soluble in fats and in alcohol. Its 
solutions are neutral, not affected by acids, but the compound is decom¬ 
posed by alkalies. It is stable in the presence of moisture and air, when 
protected from light. Solutions may be sterilized by boiling, but they 
should always be protected from light. Menadione is used as an anti- 
hemorrhagic agent in infants and to reduce the tendency toward hemor¬ 
rhage in a wide variety of conditions resulting from a reduction in the 
prothrombin level. It is reported to be of special value in the pre- and 

1 Fieser el al., J. Am. Chem. Soc., 61, 2559 (1939). 

* Mikhlin, Biokhimiya, 8, 158 (1943); C.A., 38, 1775 (1944). 
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postoperative treatment of obstructive jaundice. Usually it is admin¬ 
istered in tablet form or dissolved in vegetable oil. 

Menadione Sodium Bisulfite, U.S.P., is soluble in water and is used for 
intramuscular or intravenous injection. 

It may be prepared by oxidizing 2-methylnaphthalene in acetone 
solution by means of dichromate and sulfuric acid. 1 Another interesting 
synthesis depends on the condensation, in a sealed tube reaction, of 
butadiene with toluquinone. The adduct, 2-methyl-5,8-dihydro-1,4- 
dihydroxynaphthalene, is oxidized with chromic acid. 2 -* 

Esters, such as the sulfate or the diphosphate, of 2-methyl-1,4-di- 
hydroxynaphthalene are soluble forms of this antihemorrhagic substance; 
they are oxidized to the quinone in vivo* 

Menadione chewing gum has been found to reduce the incidence of 
carious cavities by 60 to 90 per cent. 6 

Synkavite (the tetrasodium salt of 2-methyl-1,4-naphthoquinone 
diphosphoric acid ester) is a stable, water-soluble, nontoxic compound, 
having activity similar to that of vitamin K. 

Isomorphs of 2-methyl-1,4-naphthoquinone, such as 2-hydroxy-3- 
chloro-1,4-naphthoquinone, have weak anti vitamin K action. 6 

Javanicin, Ci 6 H 14 O fl , a copper-colored pigment obtained from fusarium 
Javanicum, is active against S. aureus and M. phlci. It is a naphtho¬ 
quinone of the indicated partial structure : 7 


CH,OH 

CH 2 COCH 3 



Anthraqumone is an important dye intermediate. Commercially, 
j ,DOne ,S prepared b y the oxidation of anthracene. Alizarine, 
1 ,2-dihydroxyan thraquinone, is one of the most important anthra¬ 
qumone dyes (cf. Anthraquinone Glycosides, page 184 ). 


15, 646 (1945); C.A., 40, 5719 (1946). 

(1947)! h d Murata ' J * Chem • Soc • Ja P Qn > 63 - 1354 (1942); C.A., 41, 3088 
(194^. tr ° ZhillSka:yra ' J ‘ Gm ' Ch€m ' (US:SR ')’ 1053 (1946); C.A., 41, 2720 

181 4 6 F jm7) U * S ‘ ^ 2,4 ° 7 ’ 823; ’ 41 ’ 1710 (1947)I Brit * P at - 567 ’ 232 ; C.A., 41, 

8 ? f Uml . 1 ’ Ca,a r d : a ' Tilde 0 , and Fosdick, J. Dental Research, 24, 273 (1945) 
(1946) eUmer a Buu - Ho1 ' BuU - chim . biol ., 27, 191 (1945); C.A., 40, 3803 

7 Arnstein, Cook, and Lacey, Nature, 157, 333 (1946). 
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Flllclc add 

Karrer and his co-workers 1 synthesized a large number of compounds 
of related structure. The most effective synthetic compound of those 
made was found to be: 



Pl»lnri|^4pf<)ph^ nr> nf 


Echinochrom, a quinone derived from l,3,4,5,6,7,8-heptahydroxy-2- 
ethylnaphthalene, is a red pigment produced in the ovaries of Arbacia 
pustulosa, the sea urchin, and is the chemical messenger or hormone 
that directs the sperm toward the ovum. This chemical, which plays 
a part in the fertilization process, is active in extremely high dilution, 
producing demonstrable chemotaxis (directing of the sperm) at even 
1:2,000,000,000 dilutions. 2 


HALOGENATED CARBONYL DERIVATIVES 

As is to be expected, the introduction of a halogen atom into a mole¬ 
cule, especially into one that is already hypnotic, should accentuate 
the activity. 

Chloral (Trichloroacetaldehyde), CC1 3 —CHO, is prepared by the 
treatment of ethanol with a chlorinating agent and an alkali. The 
synthesis, requiring two steps, is indicated: 

(°) CH 3 CH 2 OH + CaOCl 2 —► CHj—CHO 

CHj—CHO CClj—CHO 

1 Karrer et al., Helv. Chim. Acta, 2, 407, 466 (1921). 

* Kuhn, Angew. Chem ., 53, 1 (1940). 
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Reaction of chloral with alkali causes a degradation: 

alkali 

CClj CHO CHClj + HCOOH 

It was the easy conversion of chloral into chloroform that led Liebreich 1 
to believe that it might also break down in the body to give chloroform 
and thus act as an hypnotic and anesthetic. It has since been shown 
that chloral is reduced in the body to trichloroethanol and is eliminated 
as the glycuronate. 2 

Chloral Hydrate, U.S.P. (Chloral), was one of the first four synthetic 
compounds to be admitted to the Pharmacopoeia. Chloral, CCUCHO, 
an oily liquid boiling at 97°, on contact with water forms a crystalline 
product, melting at 57°, and the formula becomes CC1 3 —CH(OH)j. 
In chloral hydrate, because of the negative CC1,— grouping in the 
molecule, the carbon atom which should normally exist as a carbonyl 
group is attached to two —OH groups. In a similar manner, if chloral 
comes in contact with alcohol, it forms a product with the structure 
CClj—CH—OH, which is a hemiacetal. 

I 

OEt 

Chloral hydrate is an effective hypnotic and narcotic. It depresses 
the central nervous system and in small doses leads to sleep in such con¬ 
ditions as nervous excitement. It is not usually effective when the 
sleeplessness is caused by pain. In larger doses, it rapidly causes 
complete narcosis (it is sometimes used in what are called “ knockout 
drops ”) and it has proved of value in the treatment of convulsions, 
delirium, etc. It is usually administered in the form of a well-diluted 
solution. 

Numerous products have been made in an effort to secure a derivative 
of chloral that could be injected subcutaneously and that would not 
have an unpleasant effect such as the taste and burning sensation in 
the stomach that chloral has. Thus chloral has been combined with 
various amides and alcohols. All these products depend for their 
activity on the liberation of chloral. 

Chloralose (Anhydroglucochloral, Glucochloral), m.p. 185°, is ob¬ 
tained by heating chloral with glucose. It is an hypnotic and sedative, 
said to be free from the disagreeable cardiac after-effects of chloral. 
It is an acetal-hemiacetal combination of the two components. In its 
synthesis a by-product, /3-chloralose or parachloralose, m.p. 227-230°, is 
also obtained; it is without narcotic properties. 

1 Mering, Z. physiol. Chem ., 6, 480 (1882). 

* Klin. Wochschr ., 1869, 325. 
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Butylchloralhydrate, N.N.R., CH 3 —CHC1 CCI 2 CH(OH) 2 , m.p. 
78°, soluble in water 1 : 50, possesses an action like that of chloral hy¬ 
drate, except that it is said to be less depressing and more analgesic. 
It has been recommended for facial neuralgia, as a sedative and hypnotic, 
usually administered in pill or tablet form. 

Donniol, CCI 3 —CHOH—OCMe 2 —Et, is the hemiacetal prepared 
from chloral and tertiary amyl alcohol (amylene hydrate). Chloran, 
CCI3 —CHOH—OCMe 2 — CCI3, is a hemiacetal formed from chloral and 
chlorobutanol. 

No halogenated ketones other than monobromocamphor appear to 
be used pharmaceutically or medicinally. During wartime, however, 
some of them are employed for their lachrymatory properties. 

Halogenated salicylaldehydes possess bactericidal and fungicidal 
activity. 3,5-Dibromosalicylaldehyde, Dalyde, is extremely active. 1 

Chloroacetone, CH 3 —CO—CH*C1, a lachrymator, is available in 
commercial quantities. Perhaps it will be found useful as an inter¬ 
mediate. 

Phenacyl Chloride (Phenylchloromethyl ketone), C«H6—CO—CH 2 C1, 
prepared by means of the Friedel-Crafts reaction from benzene and 
chloroacetyl chloride, is a potent lachrymator, as are all the ketones 
of the structure C«H 5 —CO—CHX—R, especially if the vapor pressure 
is great. 

In the event of exposure to a lachrymator, as a first-aid measure, 
the eyes should be washed with boric acid solution or, if the lachrymator 
gets on the skin, the skin should be washed with sodium sulfite solution. 

Monobromated Camphor, N.F. (Monobromocamphor), is prepared 
by the action of bromine on camphor at 100°. It consists of colorless 
crystals, m.p. 75°, b.p. 274°. It is insoluble in water but soluble in 
alcohol, ether, and chloroform. It is used to a limited extent as a seda¬ 
tive, hypnotic, and antispasmodic and is administered as pills or in an 
emulsion. 


CH 3 



2H—Br 


1 Felton and Brewer, Science, 105, 409 (1947). 
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ACETALS AND THIOACETALS 

The aldehydrol structure of aldehydes, as found in chloral hydrate, 
that is, R—CH(OH) 2 , is rare but derivatives of this structure are known 

OH 

and quite common. Hemiacetals of the structure R—CH have been 



mentioned. If the remaining hydroxyl is etherified, giving compounds 
of general structure, R CH(OR')s, the product is an acetal. Acetals 
are readily formed, particularly from aliphatic aldehydes. The reaction 
between the alcohol and the aldehyde, catalyzed by hydrogen ions, 
reaches an equilibrium: 

R—CHO + 2R'OH R—CH(OR')t + HOH 

The reaction may be driven to the right by employing excess alcohol. 
The acetals are stable toward alkali but very unstable toward acid. 

Hemiacetals and acetals are very important in nature. The hemi- 
acetal structure occurs in the cyclic sugars, i.e., in the monosaccharides, 
and the acetal structure appears in the glycosides. 

The simple acetals are quite toxic and are not used in medicine. 
With two ether linkages they are definitely anesthetic, but the margin 
of safety is too slight to permit their use in the clinic. 

The thioalcohols or mercaptans form thioacetals, e.g., ethyl mer¬ 
captan reacts with acetone to form the dithioacetal: 

(CH 3 ) 2 CO + 2HSC 2 Hs —► (CHj) 2 C(SC 2 H*) 2 + HOH 
This thioacetal is an intermediate in the synthesis of sulfonal. 

CARBOHYDRATES 

The term carbohydrate originally applied to substances of the formula 
Cx(H 2 0) y but is now used to include polyhydroxy carbonyl compounds 
of approximately this formula and their derivatives. In general, these 
substances are well known as sugars, celluloses, and mucilages. 

Those most abundant in nature are molecular units of 5 or 6 carbon 
atoms or are complex molecules derived by the condensation of these 
simple units with each other. The most important unit is d -glucose, 
CeHi 2 0«. Cellulose, the main structural material of the vegetable 
kingdom consists of a chain of 100 to 200 D-glucose units per molecule. 
In animals, the commonest carbohydrates are d -ribose, D-glucose and its 
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condensation product, glycogen, and d -glucosamine in which the —OH 
on carbon two is replaced by —NH 2 . 

The suffix -ose is reserved for polyhydroxy carbonyl compounds. The 
suffix -oside is used for those substances that can be hydrolyzed to simple 
sugars, although unfortunately monosaccharoses have been called 
monosaccharides. 

The -osides comprise heterosides, in which a noncarbohydrate molecule 
and a carbohydrate molecule are combined, and holosides, in which 
carbohydrate molecules are combined. 

Heterosides are best known as glycosides, and sometimes as glucosides, 
but this latter term should be reserved for glucose compounds. 

Holosides can be sub-classified as monosaccharoses , disaccharoses, etc., 
and poly saccharoses, according to the number of simple sugar molecules 
into which the holoside molecule can be hydrolyzed. In these sub¬ 
classification names, the ending -ide has been widely used in the past, 
instead of the ending -ose. 

The monosaccharoses (-oses or simple sugars) can be sub-classified 
according to their numbers of carbon atoms, into ictroses, pentoses, 
hexoses, etc. Thus glucose is a hexose. In view of this nomenclature, 
the names monose, biose, triose, etc., sometimes used in place of 
monosaccharose, disaccharose, etc., are apt to cause confusion. 

The suffix -ose implies the presence of one carbonyl group per mono¬ 
saccharose. By using the prefixes aldo- or keto-, the type of carbonyl 
group can be indicated. Thus glucose is an aldose, or more specifically, 
an aldohexose. 

Reference should be made to a textbook of organic chemistry for the 
formulas and properties of the carbohydrates. Also, see Stereoisomer¬ 
ism, pages 635 to 655. 

In therapy the monosaccharoses containing from 1 to 4 carbon atoms 
are not of importance as such or as components of other physiologically 
active molecules. Those containing 5 carbon atoms are not important 
as such, but they constitute a portion of the molecules of various active 
substances. A thiomethylketopentose occurs in yeast and L-xylulose 
occurs in abnormal urine. 


Pentoses 

The pentoses do not occur as such in nature. They are widely 
d^tributed as an integral part of certain naturally occurring polyoses 
called pentosans from which they are obtained by hydrolysis. 

nfth ” 056 , iS the . mo 1 st abuncJ antly occurring pentose. It forms a 
part of the pectin molecule and of the pentosans known as arabans which 
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occur in certain gums such as gum arabic, cherry gum, and mesquite 
gum. It is prepared from these gums by acid hydrolysis, d -Arabinose 
occurs as a component of certain glycosides. j>-XyU)se or wood sugar is 
widely distributed in the pentosans known as xylans in wood, straw, 
corncobs, peanut shells, and cottonseed hulls. j>-Ribose has been iso¬ 
lated from the hydrolytic products of the nucleic acids of yeast. Apiose , 
an aldopentose with a branched chain, (HOCH 2 ) 2 C(OH)CHOHCHO, 
occurs in the glycoside, apiin. 

Methylaldopentoses and products related to them are important 
components of some glycosides. 

L-Rhamnose has been found in many glycosides, e.g., xanthorham- 
nin, quercitin, strophanthin, ouabain, frangulin, hesperitin, and solanin. 
Hamamelose is a branched-chain ose isolated from hamamelitannin by 
enzymic hydrolysis. Digitoxose is a 2,6-desoxyhexose obtained by the 
hydrolysis of certain glycosides of digitalis. 


Hexoses 

The hexoses are important monosaccharoses. 

Dextrose, U.S.P. (D-Glucose, Grape Sugar). This aldohexose is the 
most common naturally occurring sugar. Ripe grapes contain 20 to 
30 per cent of dextrose, hence the name grape sugar. It is the sole 
constituent of maltose, cellobiose, trehalose, starch, and cellulose. It 
also occurs combined with other monoses in sucrose, lactose, and with 
other substances in the natural heterosides (see Glycosides, page 179). 

Commercial glucose is obtained by the hydrolysis of polyoses, usually 
starch. In this country, it is usually prepared by heating cornstarch 
with acid: 

Acid Acid _ Acid 

(CeHioOs)* 4- H 2 0 Dextrins Ci 2 H 22 0n + H 2 0 hea J 2C6Hj 2 0e 

Starch ICaltOM Dextrose 

If the hydrolysis is not carried to completion, the product may contain 
from 20 to 40 per cent of dextrose and varying amounts of unconverted 
starch, maltose, and dextrins. In the preparation of pure dextrose, 
the hydrolysis is carried further so that the end product is a dilute solu¬ 
tion of glucose. The solution is then neutralized, filtered, decolorized 
with bone black, and concentrated under vacuum to crystallize. 

Pure dextrose crystallizes with one molecule of water. It is a color¬ 
less solid, soluble in water about 1 : 1.2, m.p. 86°; anhydrous dextrose 
crystallized from ethanol or acetic acid melts at 146°. It is about one- 
half as sweet as sucrose. 
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Glucose is the main source of energy in livi " g 0rg ^ r ‘^ osc ^/cnz^mcs before it 
largely as starch. The starch must be converted intoglucoeet whcn the 

can be transported in solution to regtons r oken dow n into monoses, chiefly 

ttTttZEZX fusion Jat giucose is 

the main source of ultimate energy m animal nutr.tiom ^ ^ converted 

Glucose is stored in animals in the form of glycogen , muscles 

back into glucose by enzymes in the liver and musclcs. T o e y»^ 

m„v he less than 1 per cent, and in well-fed animals it may be as high as 15 P er “ 

^ weight Of fresh liver. When more glycogen is needed by the.muscle-, they obUm 
,t from the blood sugar (glucose) and convert it into «• 

enzvmes. At the same time, the liver supplies as much glucose to the blood as 
taken from the blood by the muscles so that the total 

tends to remain unchanged. The minimum concentration, called the fasti g 
ar - in a healthy individual is on the average about 0.1 per cent alth ough t p 
centage' may vary between 0.08 and 0.14 in adults and be as low as 0.06 ,n smal 
children. The amount may increase to the maximum about 0 I.18| per■cen *“ ^ 

persons after carbohydrate consumption. The term , The term 

conditions characterized by less blood-sugar than the normal fasting level The ter 
*• hyperglycemia " is used to designate the condition where the blood-sugur level 
higher than normal after ingestion of a large amount of carbohydrate. HyP^g y 
mfa is common in diabetes and in certain other conditions. Hypoglycemia may be 

produced in normal animals by the injection of insulin. . . • 

P The symptoms of hypoglycemia, i.e., nervousness, and perspiration developing 
into tremors and convulsions, coma, and finally death, when the blood-suga level 
falls below about 0.05 per cent, can be alleviated by the oral administration of glucose 
or sucrose or any other readily assimilated carbohydrate in the early stages, or by the 
intravenous administration of glucose in the later stages. 

The body is unable either to oxidize glucose or to convert it into glycogen at the 
usual rate when the pancreas secretes insufficient insulin. Consequently, glucose 
accumulates in the blood. The resulting rise in the blood-sugar level depends on the 
carbohydrate consumption and also on the degree of impairment of the pancreas, 
severe diabetes, the oral administration of 1 g. of glucose per kg. of body weight may 
cause the blood-sugar level to rise within an hour to as high as 0.4 to 0.5 per cent, in 
contrast to normal individuals, the blood-sugar level of diabetics may remain high for 
several hours and may exceed 0.2 per cent after fasting over night. 

Reducing sugars appear in the urine when the concentration of blood sugar rises 
above the level called the “ renal threshold,” and a condition known as glycosuria 
results. The “ renal threshold ” may be defined as the minimum concentration of 
sugar in the blood at which sugar appears in the urine. The height of the renal 
threshold varies somewhat in normal persons between about 140 and 180 mg. of 
sugar per 100 cc. of blood or 0.14 to 0.18 per cent. In healthy persons, the con¬ 
sumption of carbohydrates does not cause the blood sugar to rise above the renal 
threshold and so reducing sugar is not found in the urine. In diabetes, the renal 
threshold is exceeded with the result that glucose is excreted in the urine. The 
resulting glycosuria may range from 0.3 to 10 per cent or more. 
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Pure dextrose is used in therapy as a source of energy. It is employed 
in a wide variety of conditions such as starvation from any cause, the 
pernicious vomiting of pregnancy, shock, and diabetic coma. Gener¬ 
ally, it is administered intravenously in 5 to 50 per cent sterile aqueous 
solutions, or in a solution with salts, e.g., with physiological salt solution 
and with Ringer’s solution, to render the products isotonic with the 
blood. Buffers are often added to such solutions to keep the products 
approximately neutral. Pure dextrose is the only form of glucose suit¬ 
able for intravenous administration. 

Liquid Glucose, U.S.P., is a thick syrup containing 79 per cent of 
solids. It is used in the manufacture of pharmaceuticals, e.g., the mass¬ 
ing of pills and the preparation of pillular extracts. Since it contains 
dextrins, maltose, and some unhydrolyzed starch, it is never used intra¬ 
venously, but it is a valuable form of carbohydrate used in many medici¬ 
nal foods. 

Invert Sugar Solution, N.N.R., is an equimolar mixture of levulose 
(D-fructose) and dextrose (D-glucose) obtained by the hydrolysis of 
sucrose by dilute acids or by enzymes. 

Solutions containing 50 to 75 per cent of invert sugar in pure water 
are used in the injection treatment of varicose veins. 

Levulose (D-Fructose or Fruit Sugar) is a ketohexose. It occurs in the 
juices of fresh fruits and in honey and combined with glucose in sucrose, 
and it is the only sugar component of the polyose, inulin. It is ob¬ 
tained from inulin by acid hydrolysis. Levulose is levorotatory. Upon 
reduction, it yields the hexahydric alcohols, D-mannitol and D-sorbitol. 
It responds to the reactions of reducing sugars and forms oximes and 
osazones. With methyl phenylhydrazine, it gives both a hydrazone 
and an osazone and in this reaction differs from the aldoses which do not 
yield osazones with this reagent. It is sweeter than sucrose. 

Disaccharoses, Disaccharides, or Oligosaccharides 

The disaccharoses are sugars which upon hydrolysis by very dilute 
mineral acids or by specific enzymes yield two moles of monosaccharoses 
as their constituent saccharide groups; maltose, gentiobiose, cellobiose, 
and trehalose yield glucose. Hence they may be regarded as having 
been formed by the condensation of two moles of glucose with the elimi¬ 
nation of one mole of water. Other disaccharoses yield glucose and 
another monosaccharose, e.g., sucrose forms glucose and fructose, and 
lactose forms glucose and galactose on hydrolysis. The chemical prop¬ 
erties of the disaccharoses are dependent on the free functional groups 
in the molecules. The monoglucosides, lactose, maltose, gentiobiose, 
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cellobiose, and melibiose contain one free reducing group ° i 

fe positive reactions with caustic alkali, reducing agents hydrox^ 
amine and phenylhydrazine. The diglucosides, sucrose and trehalose, 
have both carbonyl groups blocked and so are not a ff e = ted ^ t 
reagents. The dioses are water-soluble, crystalline substances g 

a SuTros^U.S.P. (Cane Sugar, Sugar), is widely distributed in plants. 
It is obtained chiefly from sugar cane ( Saccharum officinarum Linne) 
and from the sugar beet ( Beta vulgaris Unnt). Sugar cane contains 
15 to 20 per cent and the sugar beet contains 10 to 15 per cent of sucrose. 

Sucrose is used as a sweetening agent, diluent, and preservative in a 
number of pharmaceutical products, e.g., syrups, powdered extracts, 
troches, lozenges, and Lunosol, a colloidal silver preparation. 

Sucrose is hydrolyzed in the stomach to form D-glucose and D-fructose. 
These sugars are absorbed, and the fructose is converted by the liver 
into glycogen from which glucose is regenerated as needed in metabolism. 

Caramel, N.F., is formed when sucrose is heated at about 210 . It 
is a dark brown mass used to color medicinal products and beverages. 

Lactose, U.S.P. (Milk Sugar), is present in the milk of mammals to 
the extent of about 3 to 5 per cent. It is made from the whey of milk 
after the fat and casein have been removed for butter and cheese mak¬ 
ing. Cow’s milk from which lactose is usually prepared yields about 
2.5 to 3 per cent of lactose. Lactose is a white, crystalline sugar, 
soluble to a lesser extent in water than D-glucose or sucrose. It has a 
slightly sweet taste. Since it contains the hemiacetal group, it can 
exist in both the a and 0 forms which undergo mutarotation to yield a 
product of [ot]d = +52.5°. The common lactose is a mixture of the 
a and 0 forms. 

Lactose does not undergo direct alcoholic fermentation. After hy¬ 
drolysis by the enzyme lactase, the hydrolytic products can be fermented 
to alcohol and carbon dioxide. It is extensively used as a diluent in 
powders, tablets, etc., in pharmaceutical technology. 

Maltose or Malt Sugar is a product of the enzymic hydrolysis of 
starch by diastase. Hydrolysis of the starch by acids gives only D-glu¬ 
cose. It is a white, crystalline compound, soluble in water and in 
alcohol, which usually crystallizes with one molecule of water. Maltose 
is dextrorotatory and, having a hemiacetal group, it is a reducing sugar 
and exhibits the phenomenon of mutarotation. It is a fermentable 
sugar. It is converted by the enzyme maltase, present in yeast, to 
glucose, which is then fermented by zymase to alcohol and carbon 
dioxide. 

Maltose is extensively used in specially prepared carbohydrate foods 
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for the nutrition of infants and adult invalids. This usage is based on 
the assumption that maltose is more readily assimilable than other 
sugars and that it is a desirable supplement to the carbohydrate con¬ 
tained in cow’s milk (lactose). 

Malt Extract, N.F., contains maltose, dextrin, and amylolytic enzymes. 
The enzymes in the extract convert starches into water-soluble sugars. 
This extract is used in infant feeding chiefly because it has a distinct 
laxative effect as well as nutritive value. 

Polyoses or Polysaccharides 

The polyoses are important sources of reserve food in animals and 
plants and form the cell wall in plants. Most of them are substances 
of high molecular weight, are amorphous and of complex structure, and 
are insoluble. Under certain conditions, most of them form colloidal 
solutions. The polyoses on hydrolysis yield monosaccharoses contain¬ 
ing five or six carbon atoms. 

Starch, U.S.P. (Amylum, Cora Starch). Starch is widely distributed 
throughout the plant kingdom. It makes up about 75 per cent of corn, 
20 per cent of potatoes, 65 per cent of wheat, and 75 per cent of rice. 
The starches from different vegetable sources differ in their physical 
properties but all give glucose on complete hydrolysis. 

Starch is used medicinally as a dusting powder; as an emollient in the 
form of the Glycerite , U.S.P.; as a diluent in powders, tablets, and pills, 
etc.; and in poultices. 

Glycogen (Liver Starch) is a glucosan which is widely distributed in 
the animal kingdom and occurs to some extent in the plant kingdom. 
It forms colloidal solutions in water, produces a violet-red color with 
iodine, and is hydrolyzed to glucose by dilute acids. It is stored in large 
amounts in the liver and muscles and is recognized as one of the most 
important animal foods. 

Dextrins are composed of a mixture of similar glucosans. They are 
amorphous polysaccharides intermediate between amylose and maltose. 
The dextrins are formed by heating starch to about 250° and by the 
action of dilute acids or diastase on starch. The products of starch 
hydrolysis that give a blue color with iodine are known as amylo- 
dextrins, those that give a red color are known as erythrodextrins, and 
those that give no color are known as achroodextrins. The dextrins 
are readily soluble in water. 

The dextrins are used extensively in carbohydrate foods for infants 
and adult invalids on the assumption that they are more readily digested 
and assimilated than starch. They are often combined with maltose 
or other sugars in products such as “ Dextri-Maltose, etc. 
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„bSS £t=.3t= 

choke. It is soluble in hot water, is a nonreducing p y > * 

Kotf £i^^ 

“ ^tuXeTaXc^hich occurs widely 

the chief structural material of plants. It may be r g 

chains of glucose molecules linked together in g^cos.d.c combinat om 

It is resistant to hydrolysis, but, on prolonged heating with acids it 

converted almost quantitatively into glucose. The enzyme cellula e 

converts it into cellobiose. It has been established that there are t 

free -OH groups for each glucose unit in cellulose except the first 

and last units which contain four. . 

Cellulose is insoluble in all ordinary solvents, but it dissolves in a solu¬ 
tion of zinc chloride in hydrochloric acid and in a solution of ammomacal 
cupric oxide. When treated with iodine, it gives a yellow color. he 
nitrates, xanthogenates, and acetates of cellulose are of importance in 
industries as source materials for the preparation of explosives, lacquers, 

“cfcttoT'fiber contains 87 to 92 per cent of cellulose. When puri¬ 
fied by washing with alcohol, ether, acids, and alkali, the product is 
practically pure cellulose. Purified Cotton, U.S.P., Absorbent Gauze, 
USP., and Gauze Bandage, U.S.P., are used as surgical dressings. 
Pyroxylin, U.S.P., CnH„0,(N0j) t , is a nitrated cellulose containing 
about two nitrate groups for each unit of glucose in the cellulose. 
Collodion, U.S.P., is made by dissolving pyroxylin in three parts of 
ether and one part of alcohol. The addition of castor oil and camphor 
to the collodion gives Flexible Collodion, U.S.P., which is extensively used 
as a protective covering for minor cuts, etc., and may at the same time 
be used as a vehicle for other medication, e.g., Salicylic Collodion , N.t 
used to remove corns, etc., and Styptic Collodion , containing tannic acid. 

Cellulose is not attacked by diastase or any of the other digestive 
enzymes in the human digestive tract. Consequently, cellulose in food¬ 
stuffs cannot be digested and functions merely to give bulk or roughage. 
Cellulose in the form of a flour is marketed for this purpose. 

Oxidized Cellulose (Oxycel) is produced from cellulose by a special 
oxidizing process. It resembles surgical gauze. When applied to 
wounds or oozing surfaces it softens and forms a gelatinous clot thus 
serving as a hemostatic agent. It is completely absorbable and need 
not be removed from wounds. 

Pyrogens are toxic substances which produce fever and chills when 
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they occur in products such as blood plasma, sera, and certain pharma¬ 
ceutical preparations that are injected intravenously. 

Certain pyrogens have been isolated from bacteria and have been 
studied chemically. 1 All pyrogens from different organisms tested were 
carbohydrate in nature, homogeneous, and of high molecular weight; 
e.g., the pyrogen from E. Typhosa had a molecular weight of 62,000. 

The Derived Carbohydrates 

Hemicelluloses. Like cellulose, these substances are associated with 
the structural elements of the plant, but, unlike cellulose, they are some¬ 
times attacked by appropriate enzymes and utilized as plant foods. 
On hydrolysis they yield other substances besides monosaccharoses, such 
as the uronic acids. In general the hemicelluloses are insoluble in water, 
but soluble in alkalies from which they are precipitated by the addition 
of acids or alcohol. 

Gums. The gums are translucent, amorphous substances which 
either dissolve in water to form sticky solutions or swell to form a gel. 
They occur as exudates on the bark of trees or on fruits, particularly 
after wounding. 

Plant gums always contain either D-galacturonic or D-glucuronic acid 
and at least two of the following sugars: D-galactose, L-arabinose, 
L-rhamnose, D-mannose, and D-xylose. In some gums, the hexuronic 
acid contains a methoxy group. The free acidic groups exist as their 
sodium, potassium, or magnesium salts. 

Acacia, U.S.P. (Gum Arabic), has a complex molecule in which chains 
of L-arabinose, L-galactose, and L-rhamnose are interlinked with 
D-galacturonic acid units. An aldobionic acid from D-galactose and 
D-glucuronic acid is also present. It is used as a demulcent and is 
important in the preparation of emulsions, pills, and troches. Acacia 
is also used by intravenous administration to restore the normal colloidal 
osmotic pressure in the treatment of nephrotic edema. Its colloidal 
osmotic pressure is about the same as serum protein, and, since it does 
not permeate the capillary cell wall freely, it attracts fluid and increases 
the mobilization and excretion of the deposits from edema. It is 
usually administered as about a 6 per cent solution in physiological 
salt solution for this purpose. It is also used in the treatment of post¬ 
hemorrhagic shock. For this purpose, ampuled solutions containing 
about 30 g. of acacia and 4.5 g. of sodium chloride in 100 cc. are diluted 
to about 400 cc. with sterile distilled water prior to injection. It has 
been reported that about 50 per cent of the injected acacia remains 

1 Robinson and Flusser, J. Biol. Chem., 153, 529 (1944). 
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permanently stored in the liver, causing enlargement and .mpa.rment 
° f Sa1a°c r S: U.S.P. (Gum Tragacanth), may be conside^ “ ^ 

treated with water, but dissolves in alkalies with the formation ^ 
methvl alcohol and a salt of bassoric acid which on hydrolysis yie 

Turonic acid. Tragacanth is used in pharmacy «- 
demulcent and for the preparation of suspensions of heavy ponder , 
as an adhesive in troches, pills, etc., and as an emulsifying agent 

StercuUa Gum, N.F. (Karaya Gum, Indian Tragacanth), is the dried 
gummy exudate obtained from various species of Slerculta and Coe 
%ermL It has been employed as a substitute for tragacanth m 
lotions, pastes, and emulsions. Its capacity to absorb water (l . to) 
and swell makes it of value for supplying bulk to the fecal mas 
some cases of chronic constipation. When administered with water, it 
expands about six times and acts as a demulcent laxative. It o t 
is combined with other laxative drugs, e.g., with cascara. 

Mucilages. The mucilages, which resemble the gums, comprise a 
rather poorly defined group of carbohydrates. When added to water, 
they form a slimy liquid, and on hydrolysis they yield carbohydrate 
and noncarbohydrate products. The mucilages are commonly ex¬ 
tracted from seeds or seed coverings. The common mucilages chondrus 
and agar, when hydrolyzed yield carbohydrate, calcium sulfate, and 

sulfuric acid. .... ,, , 

Mucilose consists largely of hemicelluloses derived from the seeds 

of Plantago lieflingii. It is used as a nonirritant laxative, supplying a 

mucilaginous bulk in the intestines as it expands by the absorption of 

^Chondrus, N.F. (Carragheen, Irish Moss), is the dried and bleached 
plant of Chondrus crispus or Gigartina mamillosa. It contains as much 
as 80 per cent mucilage. Chondrus has been used for many years to 

treat dysentery, chronic diarrhea, etc. 

Agar, U.S.P. (Agar-Agar), has been a valuable culture medium in 
bacteriology for many years. Pharmaceutically it is used alone and 
with other substances such as mineral oil and phenolphthalein in the 
treatment of chronic constipation. When taken into the intestinal 
tract, agar remains undigested and, by its absorption of water and 
swelling, adds bulk to the intestinal contents. 

i J. Pharmacol. Exptl. Therap., 52, 390-407 (1934). 

* Surg. Gynecol. Obstet., 64, 772-84 (1937). 
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Pectin, N.F. The pectic substances form a chainlike network of 
intercellular material meshing in with the cellulose structure of plant 
cell walls. The water-insoluble precursor of pectin, protopectin, which 
makes up the bulk of the pectic substance of immature fruits is converted 
to the water-soluble pectin as ripening proceeds. Turgidity of the 
cellular structure of plants is due to the hydrophilic nature of pectin. 
Ripening processes, which continue through maturity and on to decay, 
hydrolyze pectins, de-esterifying and depolymerizing the molecules, 
producing pectinic acids and pectinates and finally pectic acid, pectates, 
and even the lower sugars. 

The pectin molecule is composed of partially methyl-esterified <*-d- 
galacturonide units in pyranose form, linked by 1,4-glycosidic bonds. 
There are usually 3 to 10 esterified carboxyls to every nonesterified 
carboxyl in the pectin molecule. The average molecular weight is in 
the order of 150,000 to 300,000. 



Pectin of pharmaceutical quality is usually obtained commercially 
by mildly acidic treatment of the white inner portion (albedo) of citrus 
fruit peel. 

Powdered pectin is easily water soluble if precautions are taken to 
prevent clumping. The pectin may be wetted with alcohol, glycerol, 
or glucose syrup, before water is poured on it, or the dry pectin when 
mixed with sugar or other dry water-soluble materials may be stirred 
into water. Pectin is most stable in the pH range of 3.0-4.0 or 4.5. 
Pectin is precipitated from its aqueous sols by alcohols and ketones when 
these are present in amounts exceeding 40-45 per cent concentration. 
Pectin sols do not exhibit the sol-gel transformation under temperature 
changes like sols of gelatin and agar. True pectin gels form only in 
systems where the pH is not higher than 3.5, the sugar concentration 
exceeds 45-50 per cent, with pectin at 0.2-1.0 per cent concentration, 
depending upon its quality. Pectin when partially de-esterified pro¬ 
duces heat-reversible gels with very low levels of alkaline earths, regard¬ 
less of the sugar content. 

The medical literature on pectin, although dating back to the writings 
of Braconnot in 1825, has become quite extensive only since 1925. 
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Pectin sols, sterilized by autoclaving and properly danfi^, have been 

used as a plasma substitute in 

« Powdered 

mixtures, is administered orally in treating dl ^, b^lary dysen^ 
teries, colitis, and other intestinal disorders. f 

pectin by bacterial enzymes in the colon reduces the p 
able environment for pathogens and also pernnts ^ePectm to form 
hydrophilic calcium pectinates which gel m situ to provide . 

Finely divided solid pectin has been used with penicillin and strep o 
mvcin in oil for intramuscular injections in antibiotic therapy, 
is an oil-in-water emulsifier and serves in liquid muHi-vitamm prep 
tions and in many essential oil emulsions. Its acid-buffeiing Y 

makes it useful in antacid preparations for stomach diso ' 
pectin pastes of the National Formulary are used for wound healing a 

treating bed sores and also as a base for vaginal i elll ® s ' , , 

Nipectin, a proprietary product containing a small amount of mcke , 
which renders P the pectin more soluble and increases the ^r.cidal 
action, has been introduced as a powder for addition to cereal, so P, 
milk, or other food in the treatment of diarrhea and dysentery in 

Ch SodSm Alginate (Algin, Kelgin) is a gelatinous substance obtained 
from various seaweeds. The complex molecule is made up of n-man- 
nuronic acid units. It is soluble in cold water forming a mucilage and 
can be made into a gel by adding calcium citrate. It is used as a sus¬ 
pending agent in the manufacture of cosmetics and pharmaceuticals. 


THE GLYCOSIDES OR HETEROSIDES 

The intramolecular h emiacetals of the cyclic sugars m ay be converted 
into acetals by alkylating or^therifying the free hydroxyl group of the 
original aldehydic carbonyl group. For example, glucose may be easily 
alkylated, forming compounds of the structure: 



a-D-Glucosida 0-D-Glucoside 


All other glycosides have a similar configuration. The alkyl group 



CARBONYL GROUP 


180 

may be replaced by other organic radicals; e.g., salicin contains 
o-hydroxybenzyl alcohol linked to glucose. The above structures show 
the acetal structure which explains the blocking of the reducing group 
of the sugar component. The nonsugar fragment is known as the 
aglycon (or if it is linked to glucose it may be called an aglucon). 

The glycosides comprise a large and diverse group of compounds which 
consist of oses in combination with other types of chemical substances. 
All of them on hydrolysis are cleaved to form sugar and nonsugar 
components. The first compounds of this kind studied were found to 
give glucose as the sugar component and were called glucosides. When 
other sugars were found combined in this form, the class name was 
changed to glycosides, and individual members of this class of com¬ 
pounds were named according to the sugar which they yielded on 
hydrolysis, e.g., glucosides, rhamnosides, asperulosides, etc. The class 
name, heterosides, has been used to differentiate these compounds from 
those osides, the oligosaccharides (holosides, polysaccharides, polyoses) 
which give only sugars on hydrolysis. 

The glycosides occur widely distributed in plants. They are found 
in small amounts in the fruit, bark, roots, and to a lesser extent in the 
leaves. Often two or more glycosides occur in the same plant. Usually, 
the glycosides are accompanied in plants by enzymes capable of effect¬ 
ing their hydrolysis, the glycosides and enzymes being contained in 
separate cells. When the plant cells are broken in the presence of 
water, as by comminution, the glycosides are brought in contact with 
the enzymes and become hydrolyzed. Consequently, glycosides origi¬ 
nally present in a plant may not be found to exist in a drug or galenical 
preparation of the drug. Hydrolysis of the glycosides in this way may 
be desirable, e.g., in the preparation of oil of wintergreen from gaul- 
therin. When the activity of the glycosides is desired in a preparation, it 
may be necessary to inhibit the action of the enzyme, e.g., in tincture of 
digitalis where the concentration of alcohol inhibits enzymic hydrolysis. 
The glycosides have been classified in various ways as follows: 

1. Primary glycosides: those which occur as such in the plant and are not 
the products of the hydrolysis of other glycosides, e.g., amygdalin. 

Secondary glycosides: those which result from the hydrolysis of other 
glycosides, e.g., prunasin. 

2. According to the nature of the other substance (aglycon) combined with 
the sugar to form the glycoside, e.g., alcohols, phenols, mercaptans, etc. 

3. According to the nature of the simple sugar obtained on hydrolysis, e.g., 
glucosides yield glucose, rhamnosides yield rhamnose, etc. 

4. According to the plant families from which the glycoside is derived, e.g., 
Coniferae give coniferin, Liliaceae give scillain, etc. 
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The first of these methods of classification has been foundify 
classifying some glycosides. The second method is use 
chemically the natural and synthetic glycosides. 


Cyanogenetic Glycosides 

The cyanogenetic glycosides, also known as cyanophoric glycosides 
give hydrocyanic acid as one of their products of hydrolysis. I he 
common cyanogenetic glycosides are derivatives of mandelonitnle 
(benzaldehyde cyanhydrin). They occur in many plants. Common 
sources are bitter almonds, wild cherry bark, cherry laurel leaves, and 
the pits of the kernel of the peach, plum, and cherry. The more com¬ 
mon ones are listed in Table 20. 


TABLE 20 


Glycoside For mula Sugar _ A g 1 y coP 

Amygdalin C«,H„0„N - Gcntiobiosc + D-mandclonitrile 

Prunasin Ci«Hi«O.N -Glucose + D-mandelonitrile 

Prulaurasin C,«H„O.N — Glucose + D-mandelonitrile 

* Sambunigrin C,.H, 7 O.N —Glucose + -mandelonitnle 


The three simple stereoisomeric glucosides, prunasin, sambunigrin, 
and prulaurasin, are derived from one mole of glucose condensed with 
one mole of n-, L-, and DL-mandelonitrile respectively. 


CN 


/ 

c*h 6 ch 

\ 


O—CftHnOs 


CN 

•5^-cjisC-H + c,H lt o, 

\ 

OH 

Mandclonitrile 


Amvedalin^a glycos ide obtained from bitter almonds, is hydrolyzed 
by eriZyffiesTn"two stages: 

1 . By amygdalase, 


CN 


CN 


/ 

CeHsCH 

\ 


HjO / 

—>c 6 h*ch 


+ CgHttOe 


0 —C6H10O4—O—C6H11O5 

Amygdalin 


\ 

O—CeHuOs 

Prunasin 


Glucose 
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2. By prunase, 


CN 

/ 

CeH 5 CH 

\ 

O—CfHuOt 

Pranas in 


HjO 


CN 

/ 

CeHsCH + C 6 H 12 0 6 

\ 

OH 

Mandelonitrile Glucose 


It was first obtained by Robiquet and Charlard in 1830. Haworth 
and Wylam 1 have shown that the two glucose molecules are linked in 
glycosidic union as 6-glucosyl-/3-glucoside which is the same as the link¬ 
age in gentiobiose from gentian root. It was synthesized by Kuhn and 
Sobotka. 2 It is a colorless, crystalline, bitter substance, neutral in 
reaction, m.p. 200°. 


The Phenolic Glycosides 

The phenolic glycosides are of some importance in modern medicine. 
The more important ones are listed in Table 21. 

TABLE 21 


Phenolic Glycosides 


Glycoside 

Formula 


Sugar 


Aglycon 

Arbutin 

CisHuOt 

— 

Glucose 

+ 

Quinol 

Salicin 

CijHuOj 

-* 

Glucose 

+ 

Hydroxybenzyl alcohol 

Coniferin 

Ci*HijO« 

—♦ 

Glucose 

+ 

Conifcryl alcohol 

Gaultherin 

CnHjeOu 

-* 

Primeverose 

+ 

Methyl salicylate 

Phlorhizin 

CjiHj«Oio 


Glucose 

+ 

Phloretin 


Hydrolysis of salicin: 


0-C*Hn06 



+ h 2 o 



Chem. Soc., 123, 3120 (1923). 
*Ber., 57B, 1767 (1924). 
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Hydrolysis of phlorhizin: 






SoH + H*0 —CeHiaOe + 


Glucose 



Arbutinoccprs in Aretostaphylos Uva-ursi and in many genera of the 
Ericaceae! It crystallizes in silky needles which are soluble in cold 
water 1 : 8, in hot water 1 : 1, in alcohol 1 : 16, and are insoluble in 
most organic solvents. It is used as a diuretic. It also has some 
bactericidal value because of the quinol formed on hydrolysis. 

Phlorhicin (Phlorizin) occurs in the bark and root bark of many 
rosaceous trees, is slightly soluble in water, soluble in alcohol 1 : 4, 
m.p. 170°. It is used to test the functional activity of the kidney. 
Injected hypodermically, it produces glycosuria (phlorhizin diabetes). 

Salicin^oc r.nrs in varying amounts up to 7.5 per cent in many species 
of SaTuTandPopulus. It forms colorless crystals, soluble in water 1 : 25 
and in alcohol 1 : 90, m.p. 201.5°. It has been used for many years as a 
remedy in the treatment of fever and rheumatism. Before the age of 
synthetic chemistry, it was the chief source of the salicylates. It is 
now used as an antipyretic, antiperiodic, and simple bitter. Upon 
oxidation, the saligenin yields salicylic acid which probably accounts 
for its value. It is better tolerated in the stomach than sodium salicyl¬ 
ate which has largely displaced it in medical practice. 


The Coumarin Glycosides 

The coumarin glycosides are widely distributed in plants. They are 
not of medicinal importance. A few of those found in drugs used 
medicinally with the products which they yield on hydrolysis are indi¬ 
cated in Table 22. 

The structure of the lactone, coumarin, indicates the constitution of 
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these glycosides. When condensed with sugars, the lactone structure 
changes to the o-coumarinic acid derivative, e.g., 


5 4 3 



CoumArin 


0 

II 



TABLE 22 
Coumarin Glycosides 

Glycoside Formula Sugar Aglycon 

Skimmin Ci»H u Os —* Glucose + 7-Hydroxycoumarin 

Aesculin CuH u O* —* Glucose + 6,7-Dihydroxy coumarin 

Daphnin C,*H u O, —* Glucose + 7,8-Dihydroxycoumarin 

Fraxin Ci»Hi*Oio —* Glucose + 6-Methoxy-7,8-dihydroxycoumarin 


Hydroxyanthraquinone Glycosides 

Hydroxy derivatives of anthraquinone occur widely distributed in 
plants both as glycosides and in the free state. They are red or yellow 
coloring matters used with mordants and formerly were of great im¬ 
portance in dyeing. 

Many purgative drugs, such as rhubarb, senna, cascara, and aloes, 
contain derivatives which are present either in the free state or as 
glycosides. Since anthraquinone is the diketone produced by the 
oxidation of anthracene, all these anthraquinone substances may be 
regarded as products formed by oxidation, reduction, hydrolysis, and 
condensation from the hydrocarbon anthracene, 



The more important glycosides belonging to this group are listed m 
Table 23. 
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The relationship between some of the anthraquinone derivatives is 
shown by the following formulas: 

HO O OH HO O OH HO O OH 



CH, 


Chrysophanio add 



CH, 


Frangula emodin 


Partially reduced derivatives of anthraquinone, known as anthrones 
and anthranols, also occur in purgative drugs. In such drugs as rhu¬ 
barb, senna, and cascara, the proportions of anthraquinone derivatives 
known to be present are frequently insufficient to account for the purga- 


TABLE 23 


Glycoside 

Sugar 


Aglycon 

Ruberythric acid 

2 Glucose 

+ 

1,2-Dihydroxy anthraquinone 

Purpurin 

1 Glucose 

+ 

l,3-Dihydroxy-2-methylanthraquinone 

Xanthopurpurin 

1 Glucose 

+ 

1,3-Dihydroxyanthraquinone 

Frangulin 

1 Rhamnose 

+ 

l,6,8-Trihydroxy-2-methylanthraquinone 

Polygonin 

1 Glucose 

+ 

Trihydro xyemodin 

Barbaloin 

Glucose 

+ 

Aloe emodin 


tive action of the drug. In these the purgative action is supposedly 
due to small quantities of very active glycosidal derivatives or resin 
acids. A great number of other pigment glycosides having little or no 
medicinal use occur in drugs, e.g., anthoxanthin, fiavone, flavanol, 
flavanone, xanthone, and anthoxanthin glycosides. 1 

Barbaloin yields the aglycon aloe-emodin-9-anthrone. 2 


HO O OH 



A number of plants of the Cruciferae yield glycosides containing 
sulfur. When hydrolyzed by the enzyme, myrosin, these give rise 

1 For an extended consideration of many of these pigment glycosides see: Gilman, 
Organic Chemistry, 2, 1315-1340 (1943). 

2 Gardner and Joseph, J. Am. Pharm. Assoc., 26, 795 (1937). 
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to the mustard oils. The best known representatives belonging to this 
class are sinigrin and sinalbin found in the seeds of black and white 
mustards, respectively. When the black mustard seeds are crushed and 
moistened, the odor of allyl isothiocyanate is easily detected. The 
myrosin and sinigrin being contained in separate cells do not interact 
until brought together by the destruction of the cell walls to form the 
oil of mustard as follows: 

HjO 

CH 2 =CH—CH 2 —N=C—S—CftHnOs —> CH 2 =CH—CH*— N=C=S + 

myrosin 

O—SO 3 K 

Sinigrin AUyl isothiocyannto (oil of mustard) 

KHSO* + C e H 12 0. 

Potassium n-Glucose 
acid suliato 

Sinalbin upon enzymic hydrolysis yields D-glucose, p-hydroxybenzyl- 
isothiocyanate, choline, and sinapinic acid (3,5-dimethoxy-4-hydroxycin¬ 
namic acid). 

The Cardiac Glycosides 


The most important glycosides used in therapy are a closely related 
group, which, because they increase the tone, excitability, and con¬ 
tractility of cardiac and arterial muscle, are called the cardiac glyco¬ 
sides. They occur in many poisonous plants which have been investi¬ 
gated more or less intensively, namely: 

Scrophulariaceae: Digitalis purpurea , Digitalis lanata, and other species of 
digitalis. 

Apocynaceae: Slrophanthus, KorriU, S. hispidus, S. sarmentosus, S. gratus, and 
other species. Thevetia neriifolia, Apocynum cannabinum , Nerium oleander, 
and the Ouabaio tree. 

Liliaceae : Urginea maritima, Urginea indica, and Convallaria majalis. 
Asclepidaceae: Periploca graeca and the Uzara tree. 


The chemical constitution of these glycosides is indicated in Table 24. 
The structures of the aglycons have been established, through nu¬ 
merous researches which began with Windaus in 1915, to have the basic 


structure 





nCff, 

«R I C | D | 

c I c >*c—c 

0 ‘ cv? • 

I A I B | OH 

H0 “ C ’c‘"V C 

Ring «.!» with numbering and lettering of eardiac aglyoonea. 



GLYCOSIDES CONTAINING SULFUR 


187 


TABLE 24 


Important Cardiac Glycosides and Their Fission 0 Products 


Glycoside 

Formula 


Fission Products 

Genin or Aglycon + Sugar 

Digi toxin 

C4|H 0 «Ou 


Digitoxigenin 

+ 

3 Digitoxose 

Gitoxin 

C4iHmO,4 

— * 

Gitoxigenin 

+ 

3 Digitoxose 

Digoxin 

CuHmOu 

—* 

Digoxigenin 

+ 

3 Digitoxose 

Gitalin 

C„HmO,i 

— ► 

Gitoxigenin 

+ 

2 Digitoxose 

Purpurea 
glycoside A 

C 4 7H 74 0„ 


Digitoxigenin 

+ 

3 Digitoxose + 

1 glucose 

Purpurea 
glycoside B 

C 47 H 740 ,. 


Gitoxigenin 

+ 

3 Digitoxose + 

1 glucose 

Digilanide A 

C 4 »H 74 O 1 • 

—* 

Digitoxigenin 

+ 

2 Digitoxose + 
glucose + 
acetyldigitoxose 

Digilanide B 

C 4 »H 7«Oao 


Gitoxigenin 

+ 

2 Digitoxose + 
glucose + 
acetyldigitoxose 

Digilanide C 

C 4 .H 7 .OIO 

—* 

Digoxigenin 

+ 

2 Digitoxose + 
glucose + 
acetyldigitoxose 

Ouabain 

c„n«.Oi, 

-* 

Anhydro-ouabagenin 

+ 

Rhamnose 

Cymarin 

C,oH 4 40. 

-* 

Strophanthidin 

+ 

Cymarose 

Barmen tocymarin 

C,oH4.0. 

—* 

Sarmentogenin 

+ 

Sarmentose 

Oleandrin 

c« 2 h«.o. 


Gitoxigenin 

+ 

Oleandrose + acetic 
acid 

A/-Strophanthin-/9 

CmH. 4 Ou 

—► 

Strophanthidin 

+ 

Cymarose + 
glucose 

Thevetin 

C.iHmOx. 


Anhy dro the vetigen in 

+ 

2 Glucose + 
digitalose 

Periplocymarin 

CjoHmOj 

-* 

Periplogenin 

+ 

Cymarose 

Uzarin 

CmH| 4 0i 4 

—4 

Anhydrouzarigenin 

+ 

2 Glucose 

Periplocin 

CmHmOu 

— 

Periplogenin 

+ 

Cymarose + 
glucose 
Rhamnose + 
glucose 

Scillaren A 

CwH.jOu 

—* 

Scillaridin A 

+ 

Proscillaridin A 

C10H41OS 

—* 

Scillaridin A 

+ 

Rhamnose 

Convallatoxin 

C1.H41OI0 

- 

Con val latoxigen i n 

+ 

Rhamnose 


• For a more extended table with references see Ann. Rev. Biochem 11,130 (1942). 


The rings A and B may be either cis or trans. The hydroxyl on carbon 
3 may be either cis or trans to Cis but it is generally trans. The prin¬ 
cipal aglycons have been shown to differ from each other chiefly in the 
number and positions of the hydroxyl groups and in the stereochemical 
nature of the ring system as shown in Table 25. 
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TABLE 25 

Agltcon Structure of the Cardiac Glycosides 


Glycoside 

Aglycon 

Position of 
OH Groups 

O 

Rings* 

A/B 

C(3)OH/R* 

Digi toxin 

Digitoxigenin 

3, 14 

CH, 

Cis 

Trans 

Thevetin 

Thevetigen 

3, 14 

CH, 

Cis 

Cis 

Uzarin 

Uzarigenin 

3, 14 

CH, 

Trans 

Cis 

Digoxin 

Digoxigenin 

3, 12, 14 

CH, 

Cis 

Trans 

Gitoxin 

Gitoxigenin 

3, 14, 16 

CH, 

Cis 

Trans 

Periplocymarin 

Periplogenin 

3, 5, 14 

CH, 

Cis 

Trans 

Sarmentocymarin 

Sarmcntogcnin 

3, 11, 14 

CH, 

Cis 

Trans 

^-Strophanthidin 

Strophanthidin 

3, 5, 14 

CHO 

Cis 

Trans 

Cymarin 

Strophanthidin 

3, 5, 14 

CHO 

Cis 

Trans 

Convallatoxin 

Con vallatoxigenin t 

3, 5, 8, 14 

CH, 

— 

— 


* Probable structures. 

t Probably contains a double bond between carbons 9 and 11. 


The formulas of the following aglycons and glycosides illustrate how 
they may be derived from the ring system given and from the data in 
Table 25. They also show how the structure of scillaren A, and k- 
strophanthin differ from the digitalis type aglycons. 



Uzarigenin 


HO 



0*H 



Ouabain 


(Rhamnose) 
(p-et roph ant hin) 


(Glucose + 
cym arose) 


K-st roph an thin 
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The drugs used today as cardiac tonics were known to the ancients. Thus squill 
was known to Dioscorides, who described the preparation of a vinegar. Digitalis was 
described by Fuchs in 1542. Powders and salves of digitalis were described in the 
London Pharmacopoeia of 1722 but the drug seems not to have been used again until 
Dr. William Withering in his pamphlet “ An Account of the Foxglove and Some of Its 
Medical Uses: with Practical Remarks on Dropsy and Other Diseases” acknowl¬ 
edged his indebtedness to a family recipe for the treatment of dropsy, which had been 
handed down as a secret remedy to an old Shropshire woman. This reawakened 
interest in the drug. Numerous efforts followed to isolate the pure active principles 
from squill and digitalis since these crude drugs and their preparations vary greatly 
in activity and often lose variable amounts of their activity on curing and on aging. 
Numerous mixtures of glycosides were isolated in these efforts. A successful con¬ 
clusion was achieved by Stoll and his co-workers after they had developed a technic 
from ten years of intensive research. By careful extraction and avoidance of enzymic 
cleavage, to which the glycosides are particularly sensitive, Stoll et al. were able to 
isolate the pure crystalline glycosides of squill and digitalis. Similar methods re¬ 
sulted in the isolation of the pure glycosides from other related drugs and made 
possible a study of their structures. 


The physiological activity of the drugs, preparations such as tinctures 
and fluidextracts, and the isolated glycosides and glycosidal mixtures 
of the so-called “ cardiac glycoside ” group are similar qualitatively 
but often differ quantitatively; the quantitative differences are elimi¬ 
nated largely by biological standardization. The cardiac glycosides 
stimulate the vagus mechanism and increase the tone of the heart. 
They are used in cardiac insufficiency to secure compensation. They 
slow the rate of heartbeat, cause the heart to empty more completely, 
and they improve the cardiac output and thus have proved of value 
in auricular fibrillation. They also act as diuretics. Powders and 
galenical preparations of the crude drugs are used. Purified glycosides 
and glycosidal mixtures are used in the form of tablets, hypodermic 
tablets, solutions for injection, etc. 

It has been shown that in the cardiac aglycons the double bond, 
the lactone ring in the side chain, and a favorable configuration of the 
ring system are necessary for specific heart action. These observations 
led to the careful examination 1 of 27 / 3 , 7 -unsaturated 7 -lactones; it 
was found that / 3 , 7 -angelica lactone and methyl and ethyl coumalate 


CH 


H» 


-CH. 


/ 


Et—O—CO—C 

II 

HC 


CH 


CH 3 —C C=0 HC C=0 

\ / \ / 
o o 

0 , 7-Angelica lactone Ethyl coumalate 

1 Chen/ Steldt, Fried, and Elderfield, J. Pharmacol., 74, 381 (1942). 
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caused systolic standstill in the ventricle of the frog but not of the cat. 

One theory bases the activity of the cardiac glycosides on a relation¬ 
ship to the “ hormone of heart contractility.” 1 

Products 

1. Purified mixtures of glycosides or single glycosides from digitalis are 
those obtained by various methods of extraction and purification and vary in 
potency: Digalen, N.N.R., Digifolin, N.N.R., Digitan, N.N.R., Digilanid, 
N.N.R. Other proprietary products that consist of the mixed glycosides of 
digitalis include Digifortis, Digiglusin, Diginutin, and Digipoten. 

Single glycosides of digitalis include: Digitoxin, U.S.P., N.N.R., Gitalin, 
N.N.R., and the proprietary Digoxin, U.S.P . Lanalocide C, U.S.P., is obtained 
from Digitalis lanata. It is used like digitalis to increase cardiac efficiency. 

2. Purified glycosides or glycosidal mixtures derived from strophanthus 
include: Strophanthin, N.F., and Ouabain, U.S.P., N.N.R. 

3. Purified glycosides from squill are: Scillaren B, N.N.R., Scillaren, N.N.R., 
and Urginin. 

4. A purified glycoside from Thevetia neriifolia is: Thevelin, C29H46O1V2H2O. 
It is soluble in water and is stable. It has an action on the heart similar to 
that of digitalis and is more rapidly effective. It is less cumulative and better 
tolerated than digitalis. Thevetin is usually administered intravenously. 

SAPONINS 

Rutin, see page 520. 

The saponins are a widely distributed class of glycosides. They occur 
in many plants but are especially common in the Rosaceae, Cary- 
ophyllaceae, and Sapindaceae. They resemble the glycosides in many 
of their properties but differ chiefly as follows: 

1. When shaken with water they form colloidal solutions with a stable soapy 
foam, hence their name. These solutions form emulsions with oils and resins. 

2. They have a bitter and acrid taste and the dust of saponin-containing drugs 
is usually very irritating to mucous membranes; on the nasal membranes they 
act as violent sternutatory irritants. 

3. The saponins in low concentration destroy red blood corpuscles by he¬ 
molysis. For this reason, they are toxic when administered intravenously. 
The more toxic ones have been called sapotoxins. Administered orally, they 
are not toxic; probably because they either are not absorbed or are hydrolyzed 
in the intestinal tract. 

4. They are toxic to cold-blooded forms of animal life such as frogs, and 
extracts of plants containing saponin have been used as fish poisons. Some 
saponins have been reported to be toxic to fish in dilutions of 1 to 1,000,000. 
When acetylated, the saponins are converted into nontoxic derivatives. 

1 Kisch, Exptl. Med. Surg., 4, 4 (1946); C.A., 41, 218 (1947). 
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5 . They form molecular compounds with the higher alcohols and 
which separate from alcoholic solution as solids. This property as een u 
to estimate sterols by precipitation with digitonin. The 

extracted with ether yield the sterol and leave the saponin as an insoluble es c . 

6 Acid hydrolysis splits the saponins into sugars and an aglycon ter me 1 
sapogenin. The sapogenins generally yield readily crystallizable products on 


acetylization. 

Jacobs and Simpson 1 showed the relationship of gitogenin and sarsa¬ 
pogenin to the sterols by dehydrogenating them with selenium to 
Diels’ hydrocarbon. The work of others has established the constitu¬ 
tion of the genins of a number of saponins. These studies have prove 
that sarsapogenin, smilagenin, tigogenin, gitogenin, and digitogenin 
all yield Diels’ hydrocarbon on dehydrogenation with selenium, these 
have been called the digitalis saponins. Another group of saponins 
yield sapotalene (1,2,7-trimethylnaphthalene) when dehydrogenated 
with selenium. They are believed to be triterpenoid compounds. 

The saponins of interest because of their relation to physiologically 
active substances are given in Table 26. 


TABLE 26 


Important Saponins and Their Hydrolytic Products 


Saponin 


Amolonin 

Digitonin 

Gitonin 

Sarsaponin 

Tigonin 

Trillin 


Source 


Chlorogalum 
pomeridianum 
Digitalis purpurea 
and D. lanata 
|Digitalis purpurea 
Radix sarsaparillae 


Hydrolytic Products 


Tigogenin + 3 glucose, 1 galactose and 2 rhamnosc 
Digitogenin + 4 galactose and 1 xylose 


Gitogenin + 3 galactose and 1 pentose 

-Sarsapogenin + 2 glucose and 1 rhamnoso 

Digitalis purpurea Tigogenin + 2 glucose, 2 galactose and 1 rhamnoso 
and D. lanata 
Trillium erectum Diosgenin + 1 glucose 


Numerous drugs such as quillaja, glycyrrhiza, senega, guaiac, and 
jalap also contain saponins. These are of slight interest since they are 
used chiefly as expectorants and diuretics. Others such as solanine 
from potato sprouts contain nitrogen and are of biochemical interest 
since they offer possibilities of a link between the glycosides and the 
alkaloids. 

Marker and his co-workers 2 - 3 have studied a number of sapogenins. 
Their work has led to the establishment of the structures of some of 


1 J. Biol. Chem., 105, 501 (1935). 

2 J. Am. Chem. Soc., 1940-1943. 

3 J. Am. Chem. Soc., 69, 2373-2404 (1947). 
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these complex compounds. The original series of articles should be 
read to understand properly the interesting relationship between these 
compounds and the sex hormones. The structures established as a 
result of their work show that these sapogenins are ketone acetals 
derived from the cyclopentanophenanthrene hydrocarbons. 




SarBapogenla 

TANNINS 


Tannins are widely distributed especially in the higher plants. One 
of the richest sources is Nutgall, N.F ., which may contain amounts 
varying from 25 to 75 per cent tannin. The term tannin is generic for 
a large group of substances often of greatly different chemical compo¬ 
sition. Many but not all of them are glycosidal in nature. They have 
the following characteristic properties: 

1 . They are noncrystalline and form colloidal solutions in water and alcohol. 

2 . Solutions of tannins are astringent. Practically all astringent drugs con¬ 
tain tannin. 

3. Tannins precipitate proteins from solution and yield insoluble compounds 
with tissues containing gelatin, a property employed in the conversion of hides 
into pliant, nonputrescible leather. 

4. All tannins form blackish-blue or blackish-green colors with ferric salts; 
a fact used in the manufacture of ink. 

5. Tannins are precipitated from solution by strong potassium dichromate 
solution or by 1 per cent chromic acid solution. 
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6. Tannins precipitate many alkaloids and other basic organic substances 

from solution. .... 

7. The tannins and many of their derivatives, when in alkaline so , 

readily absorb oxygen, becoming dark in color. . 

8. They give a deep red color with ammoniacal solutions of potassium 

ferricyanide. . n 

9. They are readily soluble in hot water, forming colloidal solutions, un 
prolonged standing or when heated with diluted acids, insoluble, amorphous 
precipitates are produced. These insoluble substances are called " phloba- 
phenes ” and are supposedly anhydrides of the tannin. They are red or brown 
in color, practically insoluble in water, and inert chemically and physiologically. 
Any dehydrating agent promotes their formation. Thus the precipitate in 
many galenical preparations may be caused by hydrolysis of the tannins and 
dehydration by alcohol. 

10. They all contain polyhydroxy phenols or derivatives of the poly hydroxy- 
phenols, often in complex condensed ring structures. These substances respond 
to the characteristic properties of the tannins even though they may be produced 
by hydrolysis of a more complex structure, such as a glycosidal compound. 


Many drugs have astringent and antiseptic activity. The astringent 
action is believed to be caused by the precipitation of proteins by tan¬ 
nins, and the antiseptic action is attributed to the phenolic nature of the 
compounds. 

Numerous classifications have been suggested for the tannins. The 
method now most generally followed is that proposed by Freudenberg, 
namely, 

A. Condensed tannins; these cannot be hydrolyzed by acids or enzymes and 
all of them contain the phloroglucinol nucleus. Included here are the acacat- 
echin tannins, the isoacacatechin tannins, and the gambir catechin tannins. 

B. Hydrolyzable tannins; these include gallotannins, elagitannins, and caffe- 
tannins. 

C. Unclassified tannins. 


The tannin of greatest interest used medicinally is gallotannin, since 
from it the official tannic acid is derived. Nierenstein has suggested 
the following formula for this substance, 


(OH) s—CsH 2 —CO—O— (OH) 2 —C*H 2 —CO 

I 

(CO—CeHx—(OH) 2 —0—CO—CeH 2 —(OH) 2 —0) 

I 

O— (OH)—CeHz—CH (OH)—O—C^— (OH) 2 

I 1 I 

o-c=o 


1 = glucose linkage sometimes attached to the OH 
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Tannic Acid, U.S.P. (Gallotannic Acid, Tannin), is a mixture con¬ 
sisting of compounds of the type represented by gallotannin above. It 
is prepared from nutgalls by extraction with water saturated with 
ether. It is a light-yellow, amorphous powder of strongly astringent 
taste, very soluble in water, alcohol, and glycerol and insoluble in ether, 
chloroform, and petroleum benzin. It is used as an astringent, hemo¬ 
static, and protein coagulant in various preparations such as: Glycerite 
and Ointment of the U.S.P ., and Styptic Collodion. It is the chief 
constituent of Nutgalls, N.F ., which is used in the form of Nut Gall 
Ointment, N.F. 

Tannic acid in the form of a freshly prepared solution has been used 
extensively in the treatment of burns. The solution, applied as a wet 
dressing or sprayed on, precipitates the proteins in the burned surface 
to form a protective and mildly antiseptic coating beneath which the 
new tissue may be regenerated. It has been employed internally in 
the treatment of diarrhea. As such, it causes gastric irritation and 
nausea. Numerous compounds have been prepared in an effort to 
overcome this action. These derivatives include: 

1. Organic esters of tannic acid. 

A cetyl tannic Acid (Diacetyl Tannin, Tannyl Acetate, Acetannin) is prepared 
by acetylating tannic acid. It is a slightly colored powder slightly soluble in 
water. It is gradually decomposed with the liberation of tannic acid in the 
digestive tract. 

2 . Tannin proteinates and albuminates. 

Albumin Tannate and Frotan are representative of these types. They are 
slightly soluble in water and serve as astringents by the gradual liberation 
of tannic acid in the intestines. They are usually administered in the form of 
powders or tablets in the treatment of diarrhea, especially the diarrhea of 
children. 

Numerous other tannin combinations are employed, e.g., Bismuth 
Subgallate, N.F., combines the effect of bismuth and tannin. Tannin 
jellies, etc., comprise a rather large group of proprietary products. 


HORMONES OF THE ADRENAL CORTEX 

The cortex of the adrenal glands secretes a number of compounds 
which are closely related structurally to the sex hormones. Originally 
known as cortin, the active principle is now known to consist of a 
number of compounds. The structures of some of these and their close 
relationship to other derivatives of cyclopentenophenanthrene are indi¬ 
cated by the following formulas: 
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Deficiency of adrenal cortex activity caused by disease, such as tuber¬ 
culosis of the adrenal gland, results in Addison’s disease. This disease 
is characterized by such symptoms as extreme weakness, anorexia, 
nausea and vomiting, anemia, pigmentation of the skin, low blood pres¬ 
sure, and mental depression. The hormones of the adrenal cortex seem 
to be associated in some obscure manner with the sex hormones. 
Tumors of the adrenal glands often cause marked changes in the repro¬ 
ductive system. 

The isolation of corticosterone by Reichstein in Switzerland laid the 
foundation for the proof of the structure of these compounds. In 1937, 
Steiger and Reichstein synthesized desoxycorticosterone from stigma- 
sterol. This compound has the same activity as corticosterone. It is 
now made synthetically and marketed as the acetate. 

Desoxycorticosterone Acetate, U.S.P. (Cortate), is used to treat 
adrenal insufficiency. Reports indicate that it may be of value in the 
treatment of shock. It is administered by intramuscular injection. 

THE SEX HORMONES 

The successful elucidation of the structure of the sex hormones is one 
of the most brilliant achievements in the field of sterol chemistry. Ref¬ 
erence to the books and review articles cited later should be made to 
secure a wider knowledge of research in this field. A consideration of 
only a few relationships and products is given here. 

Berthold as early as 1849 described the testes as organs of internal 
secretion. Brown-S4quard about 40 years later proved the physiologi¬ 
cal activity of testicular extracts. About the same time, a number of 
workers determined the effects resulting from castration and from im¬ 
plantation of the glands. Methods of bioassay were developed from 
studies of the effects of extracts on castrated animals. Later isolation 
of the various principles followed, and numerous studies established 
their structures as derivatives of cyclopentenophenanthrene. 
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Sex hormones have been found to occur in the anterior portion of the 
pituitary gland, the ovaries, the gonads, the placenta, and in vegetable 
sources, e.g., palm kernel extract and pussywillows. The chief natural 
source is pregnancy urine which usually contains a high per cent. The 
urine of the stallion is the richest source known. Pregnancy urine of 
women and mares and the urine of the stallion are the usual source of the 
natural product. They occur in part as glycuronates from which they 
are liberated by boiling with strong acid, extracted with organic solvents 
and purified. A number of the sex hormones are made synthetically. 

The Estrogenic Hormones 

The estrogenic hormones comprise a group that may be regarded as 
derived from the hypothetical hydrocarbon, estrane. The more impor¬ 
tant ones and their relationship to the parent hydrocarbon are indicated 
by the formulas: 



Estrlol Eroge*t*rone Ethinyl Eetradiol 


In addition to these substances that have been isolated from natural 
sources, a number of synthetic estrogenic compounds have been discov¬ 
ered. Cook and associates 1 examined a number of compounds. They 
found that a number of dihydroxydibenzanthrenes and their derivatives 
were active. Other studies have revealed a large number of substances 
that possess estrogenic activity (cf. Stilbestrol, page 112). 

* Proc . Royal Soc. (London), 114B, 272-286 (1934). 
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Progesterone, the corpus luteum hormone, was first isolated by 
Rutenandt as a pure substance in 1934. The extracts from 
was obtained yielded a second inactive compound, allopregnanolone. 
Various stereoisomers are known. The structure of these compounds 
has been determined by synthesis. 

The estrogenic hormones play an important part in biologica re P r ° 
duction. In early life, they stimulate the growth of the sex organs, the 
development of the breasts, and the distribution of hair. From puberty 
to menopause, they are secreted in varying amounts from the end of one 
menstrual period to the beginning of the next. 

The estrogenic hormones are used to treat conditions that arise from 
deficiency of these hormones, such as menopause, and gonorrheal vagi¬ 
nitis in children. Estrone, estradiol, and estriol have the same qualita¬ 
tive action but they differ quantitatively. Estradiol can exist in two 
stereoisomeric forms, the a and the 0 ; the a estradiol is the most active 
of the known estrogenic hormones whereas the 0 form is almost inert. 
Estrone is about one-half as active as a-estradiol. Estriol is less active 
than estrone. 

Unit of potency: One unit of potency is the specific estrus-producing 
activity of 1 y, 0.001 mg. of standard crystalline estrone. The appearance 
of cornified cells in the vaginal smear of a castrated rat is the biological 
criterion of activity. 


Products 

Sex hormone products have been derived from many sources. These 
may be grouped as follows: 

1. (a) Anterior pituitarylike hormone (prolan) obtained from pregnancy urine 

or the placenta. These include such products as Entromone, An- 
tuitrin-S, Pregnyl, Follutein, and Korotrin. 

(6) Anterior pituitary gland extraction products. These contain what is 
known as the anterior pituitary gonadotropic factor. Numerous prod¬ 
ucts consisting of purified extractives of the anterior lobe of the pituitary 
gland are marketed under trade names. 

2. The estrogenic hormones. 

(a) Purified individual hormones, estrone, estradiol, estriol, which will be 
considered further. 

( b ) Corpus luteum products. These consist of purified extracts or the 
hormone, progesterone. 

(c) Ovarian residue products prepared from the whole ovary after removal 
of the corpus luteum or of the whole ovary. Purified extracts are em¬ 
ployed. 
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3. Testicular products. These are prepared from the whole testicle and contain 
the total hormones but chiefly testosterone. 

Estrone, U.S.P., N.N.R. (3-Hydroxy-17-keto-l,3,5(10)-estratriene, 
“Theelin ”), is a colorless, crystalline substance, m.p. 260°, practically 
insoluble in water, soluble in dioxane, in alcohol, and in oils. It has the 
same use as the estrogenic hormones previously discussed. It is usually 
administered in solution in a bland vegetable oil or incorporated into 
suppositories. It is effective by mouth if sufficient doses are given but 
the oil solution is usually injected intramuscularly. 

It is obtained from pregnancy urine (women’s and mares’), stallion 
urine, and amniotic fluid. 

Estradiol, U.S.P. (3,17-Dihydroxy-l,3,5(10)-estratriene, Alpha Estra¬ 
diol, Dihydroxyestrin, “ Progynon-DH ”), is a crystalline substance 
with properties and uses similar to those of estrone. It is prepared 
synthetically by the reduction of estrone. Forms of administration 
include tablets, suppositories, solutions, and ointments. 

Estradiol Benzoate, U.S.P. (“ Dimenformon Benzoate,” “ Progynon- 
B ”), is the benzoic acid ester of synthetic a-estradiol. It is usually 
administered in oil solution intramuscularly. 

Estriol, N.N.R. (3,16,17-Trihydroxy-l,3,5(10)-estratriene, “ Thee- 
lol ”), is a crystalline compound, m.p. 282°, practically insoluble in 
water, soluble in alcohol, dioxane, and oils, obtained mostly from 
pregnancy urine. It is usually administered in capsules. 

Ethinyl Estradiol (Estinyl, 17-Ethynyl-3,17-dihydroxy-l,3,5-estra- 
triene), m.p. 141-146°, is a crystalline water-insoluble, oil-soluble 
estrogen. It is prepared by the reaction of potassium acetylide with 
estrone in liquid ammonia. It is one of the most potent estrogenic 
products that has been developed. Because the ethinyl group stabilizes 
the molecule against decomposition in the body, it is effective by 
oral administration. It is usually employed in tablet form against 
menopausal symptoms. 

In addition to these products a number of estrogenic substances 
that consist of mixtures or highly purified concentrates from pregnancy 
urine are available. They may contain varying amounts of estrone, 
estradiol, and estriol. Such products are Amniotin, N.N.R., Estro- 
mone, Estrogenic Hormone Solution, etc. 

Progesterone, U.S.P., N.N.R. (Lutromone, Progestin, Lipo-Lutin, 
Proluton), occurs in two crystalline forms: progesterone, m.p. 128.5°, 
occurs as prisms; and progesterone, m.p. 121°, occurs as needles. The 
two forms have equal physiological activity. Allen 1 has described a 


i J. Biol. Chem., 116, 653 (1936). 
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method for the isolation of the hormone. It is obtained from the 
corpus luteum or made synthetically. 

It is used in conditions attributable to corpus luteum deficiencies 
such as sterility, threatened and habitual abortion, amenorrhea, dys¬ 
menorrhea, etc. Usually, it is administered in the form of an oil solu¬ 
tion by intramuscular injection. 

The unit of potency (International unit) is 1 mg. of pure progesterone. 
Progesterol (Anhydrohydroxy-Progesterone, Pregneninolone) is a crys¬ 
talline synthetic product with activity similar to that of progesterone. 

Androgenic Hormones 

The androgenic hormones are substances which when injected into 
immature or castrate males restore or bring about development of the 
latent secondary sexual characteristics. Androgenic hormones have 
been isolated from the urine of females and males and from testicular 
extracts. Butenandt 1 first isolated compounds of this type from male 
urine. From 25,000 1. of male urine, he and his co-workers isolated 
18 mg. of pure, crystalline androsterone. With this amount they were 
able to make sufficient analyses to project a probable structure (which 
proved to be substantially correct) and to make a biological assay for 
potency. Studies by numerous workers established the structure of 
the hormones and showed that they are derivatives of the parent hydro¬ 
carbon, androstane (etioallocholane). 

The male hormones control the development of the genital tract and 
also of the accessory male organs; they influence the vitality of the 
sperm; they control the normal growth of the secondary male sex 
characteristics (e.g., the growth of the comb in the cock). 

Some of the structural relationships of these compounds are shown 
by the following formulas: 



Androsterone. Testosterone, 

Androstane 3-androetaneol-17-on A‘-androstane-3-on-17-ol 


Testosterone Propionate (Perandren, Neo-Hombreol, Oreton) is the 
propionic acid ester of testosterone. It is made synthetically. Most 

l Z. angew. Chem., 44, 905 (1931); Angew. Chem., 45, 655 (1932). 
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products on the market such as those for which the proprietary names 
are given as synonyms consist of the purified crystalline propionate 
dissolved in a bland vegetable oil such as sesame oil. 

Many of the uses are still in the experimental stage. However, it 
has been well established that testosterone has the activity of the male 
sex hormone. It is used in the male climacteric, impotence of gonadal 
ongin, hypogonadism, infantilism, and in general to treat disturbances 
of male sexual development. It is used also in some female sex dis¬ 
turbances such as menopause, mammary gland deficiency, menorrhagias, 
dysmenorrheas, etc. Forms of administration include ampuled oil 
solutions and ointments. The oil solution is usually administered 
intramuscularly. The ointment is applied externally. Numerous other 
products consisting of purified testicular extracts and containing mix¬ 
tures of the natural male sex hormones are used for the same purposes 
as testosterone propionate. 



Methyltestosterone, U.S.P. (Oreton M, Neohombreol M, Metandren), 
m.p. 161-166°, is a slightly yellow, crystalline powder, insoluble in 
water and soluble in alcohol and most organic solvents, but slightly 
soluble in fixed oils. Testosterone is poorly absorbed when adminis¬ 
tered by mouth, but its methyl derivative is active when given in tablet 
form sublingually or in ointments by inunction. Methyltestosterone is 
used against androgen deficiency, to combat excessive estrogen, and to 
control excessive lactation. 

REFERENCES 

Books 

Armstrong, E. F., The Carbohydrates, Longmans, Green and Co., London, 1934. 
Armstrong, E. F. and K. F. Armstrong, The Glycosides, Longmans, Green and Co., 
London, 1931. 

Corner, G. W., The Hormones in Human Reproduction, Princeton University Press, 
Princeton, New Jersey, 1943. 

De Kbuip, P. H., Male Hormone, Harcourt, Brace and Co., New York, 1945. 
Doisy, E. A., Biochemistry of Estrogenic Compounds, The Williams and W ilkins Co., 
Baltimore, 1939. 



REFERENCES 


201 


DOREE, C-, Method, of Ccllulox Chemistry, 2nd Ed., Chapman and Hall, Ltd., Lon- 

F l The Chemistry of Natural Products Related to Phenanthrene, Remhold 

Publishing Corp., New York, 1937. 

Giersberg, H., Hormone, 2nd Ed., J. Springer, Berlin, 1943^ 

Oilman, H„ Organic Chemistry, 2, 1532-1791, John W.!ey and Sons New York. 1943. 
Grollman, A., The Adrenals, The Williams and Wilkins Co., Baltimore^ 1936. 
Harrow, B., The Chemistry of the Hormones, The Williams and Wilkms Co., 

Baltimore, 1934. , 100Q 

Haworth, W. N., The Constitution of Sugars, E. Arnold and Co., Condon, uz y. 
Heuser, E., The Chemistry of Cellulose, John Wiley and Sons, New York, 1944. 
Hinton, C. L., Fruit Pectins, Chemical Publishing Co., New York, 1940. 

Koch, F. C., and P. E., Smith, Sex Hormones, Jaques Catell Press, Lancaster, Pa., 


Marsh, J. T., and F. C. Wood, An Introduction to the Chemistry of Cellulose, 3rd Ed., 
Chapman and Hall, Ltd., London, 1946. 

Meyer, K. H., and H. Mark, Der Aufbau der hochpolymeren organischen Natur- 
stoffe, Akadcmische Verlag, Leipzig, 1930. 

Michael, F., Chemistry of the Sugars and the Polysaccharides, translated by R. C. 
Hockett, Interscience Publishers, New York, 1945. 

Nierenstein, M., The Natural Organic Tannins, The Sherwood Press, Cleveland, 
Ohio, 1935. 

Norman, A. G., The Biochemistry of Cellulose, Oxford University Press, England, 1937. 

Ott, E., editor, Cellulose and Cellulose Derivatives, 2nd Rev., Intersciencc Publishers, 
New York, 1943. 

Pigman, W. W., and M. L. Wolfrom, editors, Advances in Carbohydrate Chemistry, 
2 vols., Academic Press, New York, 1945-47. 

Plunguian, M., Cellulose Chemistry, Chemical Publishing Co., New York, 1943. 

Pringsheim, H., The Chemistry of the Monosaccharides and of the Polysaccharides, 
McGraw-Hill Book Co., New York, 1932. 

van Rijn, J. J. L., and H. Dieterle, DieGlykoside, Edwards Bros., Inc., Ann Arbor, 


Selte, H., Encyclopedia of Endocrinology, Sec. I, 4 vols., A. W. T. Franks Publishing 
Co., Montreal, 1943. 

Stoll, A., The Cardiac Glycosides, The Pharmaceutical Press, London, 1937. 

Wenzl, H., Celluloschemie, O. Eisner, Berlin, 1943. 


Journals 

Almquist, “ Vitamin K,” Physiol. Revs., 21, 194-216 (1941), 194 references. 
Bachman et al., “ The Total Synthesis of a Stereoisomer of the Sex Hormone, 
Estrone,” J. Am. Chem. Soc., 64, 974 (1942). 

Bembry and Powell, “ Synthesis of Phenolic Glycosides,” J. Am. Chem. Soc., 64, 
2419-20 (1942). 

Bergius, “ Conversion of Wood to Carbohydrates,” Ind. Eng. Chem., 29, 247 (1937). 
Conaway, “ Chemistry of Cellulose Derivatives,” Ind. Eng. Chem., 30, 516 (1938). 
Doisy, Binkley, and Thayer, “ Vitamin K,” Chem. Revs., 28, 477-517 (1941), 203 
references. 

Eichinger, McGlumphy, Hixon, and Buchanan, “ Commercial Production of 
Levulose,” Ind. Eng. Chem., 23, 1202 (1931); 24, 41 (1932). 



202 


CARBONYL GROUP 


Elderfield, “ The Chemistry of the Cardiac Glycosides,” Chem. Revs., 17, 187-249 
(1935). 

Esselen, “ Some of the Newer Things about Cellulose,” J. Chem. Education, 10, 585 
(1933). 

Fellers, Miller, and Onsdorf, 11 Dextrose in the Manufacture of Fruit and Vege¬ 
table Products,” Ind. Eng. Chem., 29, 946 (1937). 

Evans, “ Some Less Familiar Aspects of Carbohydrate Chemistry,” Chem. Revs., 31, 
537-560 (1942), 61 references. 

Ferguson, “ The Synthesis of Aromatic Aldehydes,” Chem. Revs., 38, 227-54 (1946), 
300 references. 

Fraenkel-Conrat, “ The Chemistry of the Hormones,” Ann. Rev. Biochem., 12, 
273-304 (1943), 245 references. 

Franck, “ Remarks on Photosynthesis,” Chem. Revs., 17, 433 (1935). 

Frazer, “ Sex Hormones,” Pharm. J., 157, 80 (1946). 

Gardner, "The Problem of Carbohydrate Formation in Nature,” J. Org. Chem., 8, 
111-120 (1943), 33 references. 

Gemmill, "The Fuel for Muscular Exercise,” Physiol. Revs., 22, 32-53 (1942), 67 
references. 

Gubelmann and Elley, 14 American Production of Synthetic Camphor from Tur¬ 
pentine,” Ind. Eng. Chem., 26, 589 (1934). 

Holloway and Krase, " Synthesis of Benzaldehyde from Benzene and Carbon 
Monoxide under Pressure,” Ind. Eng. Chem., 25, 497 (1933). 

Horne, 44 Sugar Industries of the United States,” Ind. Eng. Chem., 27, 989 (1935). 

Howell, 44 Recent Advances in the Problem of Blood Coagulation Applicable to 
Medicine,” J. Am. Med. Assoc., 117, 1059 (1941). 

Hurd, 44 The Chemistry of the Carbohydrates,” Ann. Rev. Biochem., 14, 91-112 
(1945). 

Isbell, 44 The Chemistry of the Carbohydrates,” Ann. Rev. Biochem., 12, 205-232 
(1943). 

Jacobs, 44 The Chemistry of Cardiac Glycosides,” Physiol. Revs., 13, 22-245 (1933). 

Jensen, 44 The Chemistry of the Hormones,” Ann. Rev. Biochem., 13,347-366 (1944). 

Johnston and Myers, 44 Photosynthesis,” Ann. Rev. Biochem., 12, 473-492 (1943). 

Joseph, 44 Medical Literature on Pectin,” and 44 Some Physical and Chemical Proper¬ 
ties of Pectin,” Bull. Natl. Formulary Comm., 9, No. 1, 1-19 (1940). 

Joslyn and Phaff, 44 Recent Advances in the Chemistry of Pectic Substances,” 
Wallerstein Lab. Commun., 10, No. 29, 39-56 (1947). 

Koch, 44 The Steroids,” Ann. Rev. Biochem., 13, 263-294 (1944). 

Lauer and Lanokammerer, 44 The Constitution of the Bisulfite Addition Compounds 
of Aldehydes and Ketones,” J. Am. Chem. Soc., 57, 2360 (1935). 

Marker et al., 44 Steroidal Sapogenins," J. Am. Chem. Soc., 60, 2167-2230 (1947),. 

• *122 references. 

Moncrieff, 44 Chemical Constitution and Odour,” Mfg. Chemist and Mfg. Perfumer, 
14, 33, 60, 95, 130, 174, 205, 239 (1941). 

Peat, 44 Plant Carbohydrates,” Ann. Rev. Biochem., 15, 75-92 (1946). 

PnrFNER and Kamm, 44 The Chemistry of the Hormones,” Ann. Rev. Biochem., 11, 
283-308 (1942), 158 references. 

Phillips, 44 The Chemistry of Anthraquinone,” Chem. Revs., 6, 157 (1929). 

Pierce, 44 Structure of Cellulose,” Nature, 154, 398 (1944), 12 references. 

Reichstein and Reich, 44 The Chemistry of the Steroids,” Ann. Rev. Biochem., 15, 
155-92 (1946). 



203 


REFERENCES 


Ruiqh, "The Chemistry of the Steroids," ^„n Re,. Bwrhem., M, 22S-26 2 (1945). 
RUS3ELL, “Carbohydrate Metabolism,” Ann. Rev. Biochem., 14,309 332 (19 5). 
Russell, “The Natural Tannins,” Chem. Revs., *7, 150-174 < 1935 \ . 

Salter, “ The Chemistry of the Hormones,” Ann. Rev. Biochem., 14,561 598 (1J 5). 
Selye and Jensen, “The Chemistry of the Hormones,” Ann. Rev. Biochem., 15, 
347-360 (1946). 

Shane, “ On Starch,” J. Chem. Education, 14, 460 (1937). 

Shoppee, “ The Chemistry of the Steroids,” Ann. Rev. Biochem., 11, 103 150 

244 references. . , 

Silcox and Lee, “ Fermentation,” Ind. Eng. Chem., 40, 1602 (1948), 109 references. 
Smith, “ Structure of Cellulose,” Ind. Eng. Chem., 29, 1081 (1937). 

Somooyi, “ Carbohydrate Metabolism,” Ann. Rev. Biochem., 11, 217-234 (1942), 95 


references. 

Soskin, “The Blood Sugar: Its Origin, Regulation and Utilization,” Physiol. Revs., 
21, 140-193 (1941), 297 references. ff 

Underkofler, “ Butyl-acetonic Fermentation of Arabinose and Other Sugars, 
Ind. Eng. Chem., 30, 480 (1938). 

Whittier, “ Lactose,” Chem. Revs., 2, 85-125 (1925), 238 references. 



CHAPTER VI 
CARBOXYL GROUP 
MONOBASIC CARBOXYLIC ACIDS 

The group COOH is known as the carboxyl group. It is the func¬ 
tional group of the organic carboxylic acids, which ionize according 
to the scheme: 

R—CO—OH R—CO—0 + H 

The relationship of the carboxylic acids to primary alcohols and alde¬ 
hydes is shown by the successive oxidation products of the alcohol: 

R—CH 2 OH R—CHO R—C=0 

I 

OH 

Hence the carboxylic acids may be looked upon as the final oxidation 
product of primary alcohols or of aldehydes without rupture of the 
carbon skeleton. They also may be considered as hydrocarbons in 
which one hydrogen atom has been replaced by one carboxyl group. 

Many aliphatic carboxylic acids are produced naturally; this is 
especially true for all the normal chain acids up to C«, and above Ce for 
the even-numbered carbon acids as high as Cis. The straight-chain, 
even-numbered C-acids from C 4 to Cu are found in fats, hence the 
name fatty acids. The higher acids are found as esters in many of the 
natural waxes. 


Preparation 

The preparation of the acids may be grouped under the general 
headings: 

1. Hydrolysis of esters: 

HOH 

R—CO—OR' —> R—CO—OH + R'OH 

2. Oxidation of primary alcohols or of aldehydes, as indicated above. 

3. Hydrolysis of compounds of the general structure R—CX 3 : 

HOH aod alkali 

—> R—COOH + 3HX 

204 


R—CX 3 
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This procedure is of limited application. It is, however, a commercial 
method for the preparation of benzoic acid from toluene: 

HOH 

CsH 6 —CH : —» C$H S —CClj —CeHs COOH 

4. Hydrolysis of nitriles or cyanides: 

R—CN —► R—COOH + NH 3 

This reaction is important since by its use it is possible to obtain an acid 
containing one more carbon atom from an alkyl halide: 

R—X ^ R—CN ^ R-COOH 

5. From primary nitroparaffins by the action of dilute mineral acids, 
reactions are: 

OH OH 

/ HX / 

R—CH*—NO* —► R—CH=N —► R—CH—N=0 

N I \ 

O X H 


The 


-HaO 


/ 


R-CH—N=0 

I 

X 

Bluo 


R—C 


+2HaO 


R—COOH + H*NOHHX 


NOH 

Derivative of 
hydroxamic acid 


Acid 


Hydro ^ y ; 


lainino 


With 85 per cent sulfuric acid this reaction is reported to go easily and with 
the formation of good yields of aliphatic acid and hydroxylamine. 1 

6. Hydrolysis of amides: 

R-CO-NH* R—COOH + NHj 

7. The reaction of the metalalkyl with carbon dioxide. This synthesis may 
be indicated by two examples: 

(а) Reaction with alkylsodium, to form the sodium salt: 

R— Na + CO* —► R—COONa 

(б) Reaction of the Grignard reagent with carbon dioxide. This reaction is 
of much wider application, since the Grignard reagent is readily avail¬ 
able: 

R—Mg—X + CO* —>- R—COO—Mg—X 

8. By passing carbon monoxide over heated sodium alkoxides: 

R—O—Na -I- CO —► R—CO—ONa 


1 Lippincott and Hass, Ind. Eng. Chem. t 31, 118 (1939). 
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9. By the oxidation of methylketones. This procedure is an application of the 
haloform reaction. The acid here obtained has one carbon atom less than 
the ketone, e.g.: 

_ 3Xj alkali 

R-CO-CH, —R—CO—CX 3 —> R-COONa + HCX, 

10. Special methods which depend on: 

(a) The acetoacetic ester synthesis (see page 264) may be indicated as 
follows: 


CHj—CO—CHr-COOEt —>■ [CH,—CO—CH—COOEtlNa + 

CH> CO CH COOEt CHaCOOH + R-CH, 

R COOH 

(6) The malonic ester synthesis (see page 264) may be indicated: 

CH 2 (COOEt) 2 Na[CH(COOEt),] 

HOH 

R—CH(COOEt) 2 -jhj- R—CH 2 —COOH + 2EtOH + C0 2 


Properties 


The chemical properties of organic acids are substantially those con¬ 
ferred by the carboxyl group. They are indicated by the reactions 
which the carboxyl group undergoes and may be summarized: 


1. Reaction as acid, 
may be expressed: 


The ionization in solution of an organic carboxylic acid 


R—CO—OH + HOH R—CO—0 + H-HOH 


It is true that carboxylic acids are weak (see Table 27), but they show charac¬ 
teristic acidic properties, e.g.: 

(а) They react with metals to liberate hydrogen and form a salt. 

(б) They react with alkalies to form water and a salt: 


R—COOH + NaOH —> R—COONa + HOH 


In Table 27 are listed the ionization constants of the carboxylic acids. 
The strength of such acids may be comprehended better by comparing 
them with inorganic acids. A comparison is given in Table 28. 

(c) They react with alcohols to form esters and water. This is an equilib¬ 
rium reaction which may be expressed in general terms: 

R-COOH + R'OH R-COOR' + HOH 
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TABLE 27 


Normal Aliphatic Acids 


Formula 

Name 

Melting 

Point 

°C. 

Boiling 

Point 

°C. 

Specific 

Gravity 

Ionization 
Constant 
at 26° 

H—COOH 

Formic, 

methanoic 

8.4 

100.5 

1.120 

2.14 X 10-* 

CH,—COOH 

Acetic, 

ethanoic 

16.6 

118.1 

1.099 

1.86 X 10-* 

C,H.—COOH 

Propionic, 

propanoic 


141.1 

0.992 

1.4 X 10“« 

C,Hr—COOH 

Butyric, 

butanoic 

Eg 

163.5 

0.959 

1.48 X 10-* 

C 4 H 9 —COOH 

Valeric, 

pentanoic 


187 

0.942 

1.6 X 10“* 

C»Hu—COOH 

Caproic, 

hexanoic 


202 

0.929 


C*Hu—COOH 

Oenantbic, 

heptanoic 

-10 

223.5 

0.922 


C,H,.—COOH 

Caprylic, 

octanoic 

16 

237.6 

0.910 


CsHn—COOH 

Pelargonic, 

nonanoic 

12 

254 

0.907 


CAr-COOH 

Capric, 

decanoic 

31 

268.4 

0.895* 


C,oH M —COOH 

Undecylic, 

undecanoic 

29.3 

228 ,.0 



CnHjj—COOH 

Laurie, 

dodecanoic 

48 

225,o. 

0.883 


CijHj«—COOH 

Tridecanoic 

51 

236,oo 

— 

_ 

c„h I7 —cooh 

Myristic, tetra- 
decanoic 

58 

250.5,oo 

0.858*° 


C„H„—COOH 

Pentadecanoic 

54 

257,oo 

_ 

_ 

Ci tHji—COOH 

Palmitic, hexa- 
decanoic 

64 

215,. 

0.853“ 


CwH«—COOH 

Margaric, hep- 
tadecanoic 

59.9 

227„ 

0.853*° 


CirHji—COOH 

Stearic, octa- 
decanoic 

69.3 

383 

0.847".* 

— 
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2. Reactions of the hydroxyl of the carboxyl group. These are indicated by the 
following general or typical reactions: 

(a) They react with metals to liberate hydrogen and to form the —CO—0— 
metal linkage. 

This reaction has been discussed. Although there is some parallelism 
between the two reactions 

(1) R—OH + K —> R—OK + H 

(2) R—COOH + K —R—COOK + H 

they are different. The alcoholic hydroxyl does not ionize and alcohols 
do not possess acidic properties. The carboxyl group is to be compared, 
rather, to inorganic oxygen acids, e.g.: 

R—CO—OH —► R—CO—O -f H 

+ 

Cl—O—H —► Cl—0 + H 

( b ) Water may be removed from two carboxyl groups giving a —C—0—C— 
linkage, of general formula R—CO—O—CO—R. These compounds 
are acid anhydrides and are discussed in more detail (see page 239). 

The characteristic anhydride linkage is suggestive of the ether linkage 
(cf. Ethers, page 121), but the two groups are quite unlike and should 
not be confused. 

(c) The hydroxyl group may be replaced with a halogen to give compounds 
of the general structure R—CO—X, known as acyl halides. This class 
of compounds is somewhat analogous to the alkyl halides, but the proper¬ 
ties are so different that they should not be confused. 

TABLE 28 

Relative Strength of Acids 


Acid 

Method Employed 

Equilibrium 

Kinetic 

Conductance 

Hydrochloric 

100 

100 

100 

Nitric 

100 

100 

99.6 

Sulfuric 

49 

53.6 

65.1 

Chloroacetic 

9 

4.8 

4.8 

Acetic 

— 

0.4 

1.4 


3. Reactions involving the destruction of the carboxyl group. These may be 
quite complex, but two are worthy of mention. 

(a) The thermal decomposition of the calcium or barium salts to form 
ketones (cf. page 134). 
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(6) Thermal decarboxylation in the presence of excess soda lime to form a 
hydrocarbon, e.g.: 

R—COOH R—H + COj 

Physiological Activity 

The presence of the carboxyl in a molecule increases the solubility 
in water. For example, butane is insoluble in water, butyric acid 
is very soluble; benzene is insoluble, benzoic acid is slightly soluble; 
phthalic acid is about twice as soluble as benzoic acid; hexane is in¬ 
soluble, caproic acid is slightly soluble, and adipic acid is considerably 
more soluble than the monocarboxylic acid. Solubility is further in¬ 
creased if the free acid is converted into a salt, particularly the salt of 
an alkali or of an organic base. 

The aliphatic carboxylic acids possess only to a very limited degree 
the physiological activity which characterizes the parent hydrocarbon. 
Only in large doses are they able to produce somnolence or hypnosis; 
the larger the proportion of the hydrocarbon residue in the molecule 
the greater seems to be the effect. 

The introduction of a carboxyl group into an active compound nearly 
always causes a decrease in activity. Consequently there are very few 
organic acids used directly as therapeutic agents. The simple ali¬ 
phatic acids such as acetic and propionic are corrosive in the pure state, 
but when sufficiently diluted they are relatively nontoxic. In large 
doses the aliphatic acids are somewhat hypnotic, and this property in¬ 
creases with the length of the carbon chain to valeric acid which in the 
form of salts is used as a sedative, e.g., ammonium valerate. Most of 
the aliphatic acids are metabolized and serve as foods. The branched- 
chain acids are more active physiologically than those with a straight 
chain. The relatively low toxicity of the fatty acids may be assumed 
from their prevalence in nature and their presence in foodstuffs, par¬ 
ticularly in the fats. Their role in plant and animal biochemistry is 
not completely understood. 

Carbon Dioxide, U.S.P., N.N.R. (Carbonic Acid Gas), C0 2 , is 
employed as a respiratory stimulant. It is frequently mixed with 
oxygen in amounts of 5-7 per cent to stimulate the respiratory center for 
resuscitation. 

Formic Acid, N.F., HCOOH, discovered in the seventeenth century 
by Sheffield, occurs free in the ant, especially the Formica rufa, in the 
processionary caterpillar, in the bristles of stinging nettles, the fruit of 
the soap tree, Sapindus saponaria, and in small amounts in the urine, 
perspiration, etc. It may be synthesized by any of the general methods 
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previously mentioned. It is manufactured commercially by passing 
carbon monoxide under a pressure of six to seven atmospheres at 150- 
170° into sodium hydroxide. It may be prepared on a laboratory 
scale by heating oxalic acid. 

(COOH)s-^-COj + HCOOH 

It is a colorless, pungent, corrosive liquid, having an odor that resembles 
that of sulfur dioxide. 

Structurally, formic acid possesses the elements that characterize 
aldehydes and exhibits properties in agreement with such structure. 
For example, it is a strong reducing agent. 

The official product is about a 25 per cent solution of formic acid in 
water. It is a colorless liquid with a pungent odor and a strongly acid 
taste. It is used in the form of the Spirit, N.F ., as an irritant (at one 
time the spirit was made by macerating ants with alcohol, and it had 
quite a reputation as a tonic on the supposition that it would confer 
on man something of the vigor and indefatigability of the insects). 
Internally, it has the same action as the acetates. It is relatively non¬ 
toxic. 

Acetic Acid, N.F. (Ethanoic Acid), CH 3 COOH, was known to the 
ancients in the form of vinegar. The concentrated acid was first pre¬ 
pared by Stahl in 1700. Berzelius in 1814 established its constitution. 
It is present in “ pyroligneous ” acid (obtained by the pyrogenic distilla¬ 
tion of lignin or wood) to the extent of 4-6 per cent. Acetates are found 
in the perspiration, in fruits and plants, etc. 

Vinegar is made from cider by the fermentation of the alcohol. The cider, con¬ 
taining up to 15 per cent alcohol and the necessary nitrogen, phosphorus, etc., for the 
nutrition of the ferment, is exposed to air in the presence of Mycoderma aceli, more 
commonly known as mother of vinegar. The oxidation of the alcohol to acetic acid 
may be speeded by allowing the cider to trickle over beechwood shavings which 
have been previously inoculated with the aceti organism. The optimum temperature 
for this fermentative oxidation is about 35°. Vinegar contains 3-6 per cent acetic 
acid. 

The official acetic acid is an aqueous solution containing about 
36.5 per cent CHjCOOH. It is not used directly as a medicinal agent, 
but it is used to prepare salts and to make the diluted acid. 

Diluted Acetic Acid, NJ., contains about 6 per cent CH 3 COOH. It 
is used as an antidote for alkalies. 

Glacial Acetic Acid, U.S.P., contains about 99.4 per cent CH 3 COOH. 
It is used as a solvent. 

Glacial acetic acid melts at 16-17° and distils at 118°. When mixed with water, 
there is a contraction in volume and an increase in density until the solution reaches 
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a composition which corresponds with the formula CH,—C(OH)«, that is, until com¬ 
plete formation of the ortho acid. 

The salts of acetic acid are employed extensively, as a form for the 
use of various basic ions; e.g., Sodium Acetate, N.F., and Potassium 
Acetate, U.S.P. are used mainly as alkaline diuretics and to counteract 
acidosis. Sodium acetate, given intravenously, has a very low toxicity. 
In rats, the nutrition is not impaired by the consumption of concen¬ 
trations up to i per cent, but at levels of J per cent nutrition is im¬ 
paired. This explains the effects and risks in using vinegar for the 
treatment of obesity. 

Lead Acetate, U.S.P., and Lead Subacetate Solution, N.F., are used 
to secure the astringent action of lead. Aluminum Acetate, N.F., and 
Aluminum Subacetate, N.F. , in the form of their diluted solutions, and 
Zinc Acetate, N.F., are used as astringent washes. 

Propionic Acid (Propanoic Acid), CH3CH2COOH, is obtained to a 
small extent from pyroligneous acid. The acid, its salts, or its esters 
do not seem to occur in nature. The salts, however, are finding wide 
application as fungistats. Sodium propionate is fungistatic or fungicidal 
to many common pathogens. 1 At concentrations of 1.25 per cent it 
completely inhibits the growth of Actinomyces mexicanus and Cepha- 
losporium sp. 2 Calcium or sodium propionate, at the rate of 2 ounces 
per hundred loaves of bread delays mold growth about three days, 
beyond the time it would normally develop. It is believed to be an 
antagonist to alanine. 

/j-Butyric Acid (Butanoic Acid), CH 3 CH 2 CH 2 COOH, is found as the 
hexyl ester in the fruit of Heracleum giganteum, as the octyl ester in 
Pastinaca satiua, and up to 2 per cent as glyceride in butter. It occurs 
free in perspiration and in feces. It is the first member of the fatty 
acid series to be found in a natural fat. In addition to the general 
modes of formation it is obtained by: 1. Decomposition of fibrin and 
of cheese. 2. The action of Schizomycetes on glycerol and on carbo¬ 
hydrates. The formation of butyric acid from sugar and from starch 
depends on the Bacillus butylicus. 3. Oxidation of albuminoids with 
chromic acid. Among the salts of butyric acid, calcium butyrate ex¬ 
hibits anomalous solubility behavior; it is less soluble in hot than in 
cold water. Calcium isobutyrate does not show this anomaly. 

Octanoic Acid, as the sodium salt, added in concentrations of 
6.25 X 10 4 to 2.5 X 10~ 4 molar to glucose Ringer solution improved 
the contractility of the muscle and increased the stroke volume of the 

‘Keeney, BulL Johns Hopkins Hosp., 73, 379 (1943); C.A., 38, 1260 (1944). 

Ochoa and Ruiloba, Rev. Salubridad enfermendad trop. ( Mex .), 5, 83 (1944); 

39, 324 (1945). 
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isolated frog heart; the effect was more marked on the failing than on the 
fresh heart. 1 Administered intravenously to cats in doses from 0.075 
to 0.75 millimole per kg. the salt caused temporary dilatation of the 
heart, increased stroke volume, cardiac output, and venous pressure; 
its peripheral vaso-dilator action masks its digitalislike effect on the 
heart. 2 

Aliphatic acids added to human serum increase the thermal stability 
of the native albumin, the effect increasing with chain length up to C 12 ; 
they prevent viscosity increases with increasing temperature. 8 

Of the saturated aliphatic acids found in nature, those with an even 
number of carbon atoms are the most common and abundant. The 
first member of the series to be found in natural fats is butyric, and the 
glycerides are composed, as far as now appears, of only even-numbered 
fatty acids, and of these palmitic and stearic are in greatest abundance. 
Reference to Table 29 shows that acids with uneven-numbered carbon 
atoms in the molecule have been isolated from natural products, but 
not from glycerides; furthermore, such acids have been found only to 
a limited extent. 

It is within the realm of possibility that the entire series of acids from C« to C 16 or 
higher may be present in some natural product, but that many have thus far eluded 
detection. For example, wool grease probably has present two acids with uneven- 
numbered carbon chains, Cu and Cti * 

Stearic Acid, U.S.P., is a mixture of palmitic and stearic acids. It 
is used as the zinc salt in Zinc Stearate, U.S.P. , a bulky powder used 
alone or mixed with other substances as a mild astringent and anti¬ 
septic in ointments and dusting powders. Sodium Stearate, U.S.P ., 
is used as a base for suppositories and many cosmetic preparations such 
as vanishing creams. 

Aluminum soaps prepared from a combination of acids, e.g., from naphthenic 
or lauric were used in making gelled gasoline. 1 

Among the branched-chain fatty acids that have been identified from 
natural sources are 14-methylpalmitic acid, found in wool fat, 8 and 
tuberculostearic or 10-methylstearic acid, isolated from the tubercle 
bacillus. 7 In wool fat occur the iso acids, from Cm to C 2 6 with even 

1 Elliott, Kipple, and Hall, J. Pharmacol ., 89, 14 (1947). 

* Kipple, Waldman, and Hall, J. Pharmacol, 89, 313 (1947). 

* Boyer, Lum, Ballou, Luck, and Rice, J. Biol. Chem., 162, 181 (1946). 

4 Abraham and Hilditch, J. Soc. Chem. Ind. Japan, 54, 398 T. (1935). 

4 Fieser, Harris, Herehberg, Morgana, Novello, and Putnam, Ind. Eng. Chem., 
38, 768 (1946). 

* Velick and English, J. Biol. Chem., 160, 473 (1945). 

7 Prout, Cason, and Ingersoll, J . Am. Chem. Soc., 69, 1233 (1947). 
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TABLE 29 


Natural Occurrence op Some Patty Acids 


Formula 

Name 

Occurrence (incomplete list) 

Me,CH—COOH ' 

2-Methylpropanoic, 

Oil of Arnica montana; as iso¬ 


isobutyric 

butyl ester in croton oil. 

Me (CHi)*—COOH 

Pentanoic, valeric 

Formed to limited extent by dis¬ 
tillation of coal and of wood; 
by bacterial action on higher 
acids, etc. 

Me,CHCH,—COOH 

3-Mcthylbutyric, 

Free in the root of the Baldria; 


isovaleric 

as esters in various oils. 

Me(CH,) 4 —COOH 

Hexanoic, caproic 

As glyceride in butter; as ester in 
palmrose oil; by bacterial ac¬ 
tion on carbohydrates. 

Me(CH,)*—COOH 

Heptanoic, oenanthic 

As ester in calamus oil. 

Me(CH,) # —COOH 

Octanoic, caprylic 

As glyceride in butter; as ester in 
wine. 

Me (CHt) j—COOH 

Nonanoic, pelargonic 

In volatile oil of Pelargonium 
roseum; in the fusel oil frac¬ 
tion of the fermentation of ru¬ 
tabagas and potatoes; in oil 
of iris. 

Me (CH,),—COOH 

Decanoic, capric 

As glyceride in fats; as ester in 
wine; in Limburger cheese. 

Me(CH,)f— COOH 

Undecanoic 

In oil of iris. 

Me(CH,)io—COOH 

Dodecanoic, lauric 

As glyceride in fats. 

Me(CH t )„—COOH 

Tridecanoic 

In oil of iris. 

Me(CH,)„—COOH 

Tetradecanoic, myristic 

As glyceride in fats. 

Me (CH 2 )i4—COOH 

Hexadecanoic, palmitic 

As glyceride in many plant and 
animal fats; as esters in waxes. 

Me(CH|)u—COOH 

Heptadecanoic, 

margaric 


Me(CH,) 1# —COOH 

Octadecanoic, stearic 

As glyceride in many vegetable 
and animal fats. 

Me(CH,)i«—COOH 

Arachidic 

As glyceride in vegetable fats. 

Me(CH a ) l9 —COOH 

Heneicosane 

carboxylic 

As ester in Japan wax. 

Me(CH,) I0 —COOH 

Docosanoic, behenic 

As glyceride in beet oil. 

Me (CH a ) u —COOH 

Tetracosanoic, 

lignoceric 

In peanut oil and wood tar. 

C«H*i—COOH 

Hexacosanoic, cerotic 

As esters in waxes, especially in 
beeswax. 

C*Hm—COOH 

Heptacosanoic, 

ibotacerotic 

As ester in Chinese waxes. 

CttHu—COOH 

Octacosanoic 

As ester in Chinese waxes. 

C»H M —COOH 

Triacontanoic, melissic 

As esters in beeswax and other 
waxes; also present in wool fat. 
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numbers of carbon atoms, and the anteiso acids, CH 3 CH 2 CH— 

CH 3 

(CH 2 ) n COOH, from C» to C 19 with odd numbers of carbon atoms . 1,2 

POLYBASIC ACIDS 

Many of the dicarboxylic acids are found in nature; others are pre¬ 
pared synthetically by standard methods and are important in chemical 
industry. The lower members of the dibasic acid series with the car¬ 
boxyl groups at the terminals of aliphatic chains are given in Table 30. 

The dicarboxylic acids are metabolized for the most part, and they 
have practically no physiological action. (For exception see Oxalic 
Acid below.) 

Dicarboxylic acids with the two carboxyl groups in positions 1,4 and 1,5 with 
respect to each other react with acetic anhydride when heated to give cyclic anhy¬ 
drides; 1,6- and 1,7-homologs react under similar conditions to form, with loss of 
carbon dioxide and water, cyclic ketones with five- and six-membcred rings. This dif¬ 
ference in behavior has been used to excellent advantage in proving the structure of 
the sterols and related compounds. It has given rise to what has become known as 
Blanc’s rule, which may be stated as follows: 1,4- and 1,5-dicarboxylic acids heated 
with acetic anhydride give rise to cyclic anhydrides; 1,6- and 1,7-dicarboxylic acids 
under similar conditions form cyclic ketones. 

Oxalic Acid, HOOC—COOH, is present as its insoluble calcium salt 
in many plants, appearing as crystals inside the cells. It may be pre¬ 
pared synthetically by various methods; in addition to the general 
methods may be mentioned: 

(а) Heating carbohydrates, e.g., sawdust, in concentrated alkali to 200°. 

(б) Rapid heating of sodium formate. 

A COONa 
2HCOONa —► H 2 + | 

COONa 

Sulfuric acid decomposes oxalic acid into water, carbon dioxide, and 
carbon monoxide. 

HjSOi 

HOOC—COOH —► H 2 0 + C0 2 + CO 

A 

It is a good reducing agent, sometimes being used as a bleach. It 
reacts quantitatively with potassium permanganate according to the 
equation 

5H 2 C 2 0 4 + 2KMn0 4 + 3H 2 S0 4 —> K 2 S0 4 + 2MnS0 4 + 10CO 2 + 8HOH 

»Velick, J. Am. Chem. Soc., 69, 2317 (1947). 

1 Weitcamp, Smiljanic, and Rothman, J. Am. Chem. Soc., 69, 1936 (1947). 
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TABLE 30 


DlCARBOXYLIC ACIDS 


Structure 

Name 

Melt¬ 

ing 

Poinl 

°C. 

Bod¬ 

ing 

Specific 

Gravity 

Dissociation Constants 

Point 

°C. 

kt 

k\ 

COOH 

1 

COOH 

Oxalic, 

ethandioic 


H 

2.0 

3.8 X 10-* 


.COOH 

CH< 

XX)OH 

Malonic, 

propandioic, 

methanedi- 

carboxylic 




1.77 X 10-* 

4.37 X lO - * 

CH,—COOH 

1 

CH,—COOH 

Succinic, 

butandioic, 

ethanedi- 

carboxylic 

185 

235 

1.562 

7.36 X 10-* 

4.50 X 10-« 

/COOH 

(CH,)< 

XJOOH 

/COOH 

(CH a )< 

^COOH 

Glutaric, 

pentandioic 

97.6 

304 

1192.0. 

4.6 X 10"* 

5.34 X 10-» 

Adipic, 

hexandioic 


265„ 0 

— 

3.9 X 10-* 

5.29 X 10-» 

/COOH 

(CH,)<; 

XJOOH 

Pimelic, 

heptandioic 

103 

272 im 


3.33 X 10-» 

4.87 X 10-« 

/COOH 

(ch,)<; 

XX)OH 

Suberic, 

octandioic 

140 

279,00 


3.07 X 10-* 

4.71 X 10-» 

/COOH 

(CH a )< 

N:ooh 

Azelaic, 

nonandioic 

106.5 

360 

1.029 

2.82 X 10-* 

4.64 X 10-« 

/COOH 

(CH a )/ 

XXIOH 

Sebacic, 

decandioic 

127 

299.5,o 0 

— 

2.8 X 10- 5 

— 
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Oxalic acid and most of its salts are local irritants and corrosives. 
Internally, it is readily absorbed and in sufficient doses produces oxalate 
poisoning by removal of the calcium from the blood and tissues as the 
insoluble calcium oxalate. 

Cerium Oxalate, N.F., is a mixture of the oxalates of cerium and 
closely related elements. It has been employed against the vomiting 
of pregnancy. Since it is not absorbed, it is nontoxic even in large 
doses. It is of questionable value. 

/COOH 

Malonic Acid, CH 2 , has been isolated from beet juice. It may 
\C00H 

be synthesized from chloroacetic acid by the reactions: 


NaCN + Cl—CHr-COONa—► CN—CH*—COONa + NaCl 

Sodium cyanoacoUte 


COOH 


NaO—CO—CHj—CN 


HOH 

acid 


/ 

ch 2 

\ 


COOH 


The melting point of this acid is 133°, but at this temperature it loses 
carbon dioxide and forms acetic acid. 

It is a general property for acids that have two or more carboxyl groups attached 
to the same carbon atom to lose carbon dioxide on heating, leaving the fatty mono¬ 
basic acid. Hence, any substituted malonic acid may be readily converted into the 
fatty acid, thus: 


R COOH R H 

x ?x 

R' COOH A R' COOH 

The methylene group of malonic acid and its derivatives is very reactive, 
and hence the compound is used extensively in the syntheses of many 
medicinally useful and valuable compounds. Since the diethyl ester 
is used in preference to the free acid, the syntheses are discussed under 
the ester, page 264. 

Succinic Acid (Butandioic Acid) plays an important role in metabolism 
and the functioning of certain enzymes. Administered in the form of 
its sodium or magnesium salt, succinic acid is advocated for the treat¬ 
ment of diabetic acidosis, as an antidote to barbiturate intoxication, as 
superior to salicylates for treatment of rheumatic fever, and for protec- 
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tion against dithiols. 1 The sodium and magnesium salts, administered 
in 10-gram doses to ambulant human subjects produced a laxative effect 
in about seven hours; prolonged use seems to be without the nephro- 
toxic action which characterizes tartrates. 2 


UNSATURATED ACIDS 

Compounds containing both the carboxyl group and unsaturated 
bonds possess the properties characteristic of both functional groups, 
i.e., the one does not exert any particular modifying effect on the other. 

An exception to this broad statement may be made for those compounds in which 
the unsaturated or ethylenic bond is in conjugation with the —C=0 group of the 
carboxyl; e.g., acrylic acid and substituted acrylic acids readily undergo polymeriza¬ 
tion and resinification. Practical use is made of these properties in the synthesis of 
the methacrylate resins formed by the polymerization of the derivatives of meth- 
acrylic acid. 

The unsaturated acids cause hemolysis of the red blood corpuscles. 
Acrylic and oleic acids cause hemolysis of the red blood corpuscles when 
injected into the blood stream. It is of interest that the acid isolated 
from pure cultures of staphylococci, dimethyloxythiolerucic acid, 
C2iH w (CH 2 )20H-C0SH, has the same hemolytic effect in vitro and in 
vivo. 

Acrylic Acid, CH 2 =CH—COOH, is the simplest member of the un¬ 
saturated acid series. It is known only from synthetic sources; it may 
be obtained by the oxidation of allyl alcohol or acrolein. It possesses 
a very pungent odor. In contact with the skin, it is irritating. 

Crotonic Acid, CH 3 —CH=CH—COOH, is the next higher member. 
It has been isolated from croton oil. It is capable of existing in two 
geometric isomeric forms, both of which are known: 


CH 3 —C—H 

II 

H—C—COOH 

Troru-Form 
crotonic acid 


H—C—CH 3 


H—C—COOH 


cu-Form 
isocrotonic acid 


Methacrylic Acid, CH 



OOH 


, is isomeric with crotonic acid. 


H 3 


Tiglic Acid and Angelic Acid are geometric isomers of the structure 
,COOH 

CH 3 —CH=CX , the one being trans , the other cis. Angelio acid 

X CH 3 


1 Friend and Gold, J. Am. Pharm. Assn., 36, 50 (1947). 

* Warshaw and Gold, J. Am. Pharm. Assn., 36, 56 (1947). 
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is present as the free acid in Angelica archangelica and as its amyl ester 
in Roman camomile oil; tiglic acid is present as the glyceride in croton 
oil. 

Undecylenic Acid, CH^H— (CH 2 )g—COOH, formed by distilling 
castor oil in vacuo , has marked fungicidal activity. It is used as such 
and as the zinc and copper salts in powders and ointments against 
athlete’s foot and similar diseases. 

Oleic Acid, U.S.P., CH 3 (CH 2 ) 7 CH=CH(CH 2 ) 7 —COOH, is found as 
the glyceride in practically all vegetable and animal fats. Chicken fat 
contains much oleic acid. Human-fat, beef-tallow, and pork-liver 
lipides contain isomers of oleic acid, with the same iodine values but 
lower melting points. 

It is used as a solvent and for the preparation of oleates, e.g., Oleale 
of Mercury , U.S.P. , and, obtained from olive oil, it is used in Lead 
Oleale Piaster, N.F., and Lead Oleale Ointment , N.F. 

Oleic acid is the cis compound. Treatment with nitrous or nitric acid or with nitro¬ 
gen tetroxide converts it into the Irons form, unknown in nature, called elaidic acid. 

The structure of oleic acid is evident from two observations: (1) It 
may be hydrogenated to form stearic acid. (2) On ozonization it 
forms n-nonanal and the half aldehyde of azelaic acid. Hence, the 
unsaturated bond is located in the middle of the chain. 

Erucic Acid, ct$-CH 3 (CH 2 )7CH=CH(CH 2 )n—COOH, is present in 
the glycerides of mustard-seed oil and cod liver oil. The position of the 
double bond is determined by ozonolysis, and reduction forms behenic 
acid. Erucic acid on treatment with nitrous acid is converted into the 
trans isomer, known as brassidic acid. 

LinoleicAcid,CH 3 (CH 2 ) 4 CH=CH—CH 2 —CH=CH(CH 2 )t—COOH, 

is an example of a naturally occurring diolefinic acid. 

Linolenic Acid 

CH 3 CH 2 CH=CHCH 2 CH=CHCH 2 CH=CH(CH 2 ) 7 COOH 

is an example of a triolefinic acid. Both are present in the glycerides 
of various drying oils, such as linseed oil. It is the presence of these 
acids in the oils which makes them valuable in the paint industry. 
An isomer of linolenic acid, probably 6,10,14-octadecatrienoic acid, 
has been isolated from sardine oil. 1 

Vaccenic Acid, probably A 11<12 -elaidinic acid, i.e., 9,11-octadecadienoic 
acid sterically related to elaidic acid, has been found in summer butter 
and in the rat diet appears as a growth factor quite different from 
vitamin A or D. 2 

*Tsichiya, J. Chem. Soc. Japan, 63, 650 (1942); C.A., 41, 3049 (1947). 

* Boer, Jansen, and Kentie, J. Nutrition , 33, 339 (1947). 
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2 , 6 -Phytadienic Acid is reported to possess therapeutic properties 
similar to those ascribed to so-called vitamin F. 1 

Arachidonic Acid has tentatively been assigned the formula: 2 

CH 3 CH=CH (CH 2 ) 2 CH=CH (CH 2 ) 2 CH=CH (CH 2 ) 2 —CH=CH (CH 2 ) 4 COOH 

6.10,14,1 &- Eicosa tetraenc-oic acid 

It occurs predominantly in animal tissues and is found mainly in the 
phospholipid fractions. It is a constituent of lecithin and cephalin. 

The poly-unsaturated acids, particularly linoleic, linolenic, and arachi¬ 
donic acids, appear to be essential food factors, relieving the symptoms 
once ascribed to deficiency of vitamin F. Which of the acids is the active 
agent has not been established. It has been demonstrated that after 
ingestion of linoleic and linolenic acids there is an increase of arachi¬ 
donic acid in the liver fats. It is suggested that the two former are 
precursors and that the last is the physiologically essential acid. A 
daily consumption of 15 mg. of methyl arachidonate produces optimum 
results. Deficiency of these acids leads to typical dermatosis and 
eczema; the acids are necessary for the formation of new tissue. 8 


Unsaturated Dibasic Acids 

Maleic Acid (cfs-Butenedioic Acid), H—C—COOH, is readily soluble 

II 

H—C—COOH 

in cold water, and it possesses a nauseous acid taste; on distillation it is 
transformed partially into its anhydride. The anhydride is useful in 
the Diels-Alder procedure for determining the presence of conjugated 
double bonds, page 18. 

Fumaric Acid (trans -Butenedioic Acid), H—C—COOH, is almost 

II 

HOOC-C—H 

insoluble in cold water, and it possesses a purely acid taste. It sublimes 
without melting, and at about 200° it loses water and isomerizes with 
the formation of maleic anhydride. The geometric isomerism of these 
acids is discussed on page 676. 

Traumatic Acid is a representative of the natural unsaturated di- 
carboxylic acids. It was isolated from plant extracts and shown to 
have “ wound hormone ” activity. It evokes cell division and cell 

1 Karrer, U.S. pat. 2,287,107 (1942); C.A., 37, 232 (1943). 

2 Mowry, Brode, and Brown, J. Biol. Chem., 142, 679 (1942). 

3 Rosenberg, H. R., Chemistry and Physiology of the Vitamins , Interscience Pub¬ 
lishers, Inc., New York, 1942, p. 531 el seq. 
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enlargement in unwounded cells. Its structure 
is 1-decene-l, 10-dicarboxylic acid, 


as proved by synthesis 


CH=CH—COOH 

I 

(CH 2 )j—COOH 


It is interesting to note the effect of change in structure on the activity 
in the plant. 1 Hydrogenation of the double bond reduces the activity 
of traumatic acid by about half. Sebacic acid, 


/ 


COOH 


COOH 


(WK . 5s ab «>ut as active as the homolog, (CH,),/" 

XJOOH X COOH 


The lower homologs, suberic acid and azelaic acid, show only slight 
activity, and pimelic acid is without significant activity. The mono- 
carboxylic C 12 acid, lauric, is without activity. The carbon atoms 
need not be in a straight chain to produce plant hormonal activity 
since compounds of the general structure R—C=CH—COOH have 

I 

(CH 2 )„~COOH 

activity provided that the total weight of the acid is great enough. 


CYCLIC ACIDS 

Abietic Acid (Sylvie Acid), ra.p. 171-174°, is the chief constituent of 
American rosin. It forms yellow crystals, insoluble in water but soluble 
in organic solvents, [a]?? = about 100°. It is employed in many lac¬ 
quers and metal resinates. Small amounts promote the growth of 
lactic and butyric acid ferments. 



Hydnocarpic and Chaulmoogric Acids are found as glycerides in chaul- 
moogra oil. 


HC=CH 

| ^CH—(CHj)io—COOH 

HjC—CHj 

Hydnocarpic acid 


HC=CH 

| ^)CH—(CH 2 ) 12 —COOH 
H 2 C—ch 2 

Chaulmoogric acid 


1 English d al. t J. Am Chem. Soc., 61, 3434 (1939); 63, 941 (1941). 
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These acids in the form of their esters, including the natural glycerides, 
have long been used for the treatment of leprosy. 

Adams and his associates 1 made an extended study of the relation¬ 
ships between chemical constitution and activity against Bacillus leprae 
for compounds analogous to chaulmoogric and hydnocarpic acids. They 
found that variations in the cyclic radical had little effect and that an 
alkyl of 16 to 18 carbon atoms was most effective. 

Cholanic Acid, a member of the cyclopentenophenanthrene group, is 
the parent compound from which the bile acids and the aglycons of 
the cardiac glycosides are derived. 


CH, 



H,C CH CH, 

\ / \ / 

CH* CH, 

Cholanio add 


Camphoric Acid is obtained when 


camphor is oxidized with nitric acid. 


H 

l 

CH,-C-CH, 

I 

CH,—C—CH, 

I 

CH,-C-0=0 


HNO. 


CH,-CH COOH 

I 

CH,—C—CH, 

I 

CH,-C-COOH 


CH, 

Camphor 


CH, 


Camphoric acid 


It was used at one time against the night sweats of tuberculosis. It 
has some antispasmodic value and has been incorporated with methena- 
mine in products such as Amphomate to secure the combined effect 
of an antiseptic and an antispasmodic. 

1 Adams et al., J. Am. Chem. Soc. (1925-1929). 
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Aromatic Acids 

In aromatic acids the carboxyl group is attached directly to an aro- 
matic nucleus. 

Benzoic Acid, U.S.P., C^H*—COOH, was first discovered in gum 
benzoin in 1608 and isolated by Scheele from urine in 1785. Its constitu¬ 
tion was established by Liebig and Wohler, 1832, in their classical 
researches. It occurs naturally in gum benzoin, in a resin known as 
dragon’s blood in Peru, in tolu balsams, in castoreum, and in cran¬ 
berries; it is found in hippuric acid as the amide linked with glycine, 
C ft H 5 CONHCH 2 COOH. It may be prepared by the oxidation of 
toluene, of benzyl alcohol, or of benzaldehyde. It may be obtained 
also by the hydrolysis of benzonitrile, C 6 H 6 CN; and by the Friedel- 
Crafts reaction of phosgene on benzene: 

C«H, + COClj ^ CjHjCOCl ^ C s H„COOH 

It is obtained commercially by the hydrolysis of benzotrichloride and 
by the decarboxylation of phthalic acid: 

C«H»CHj C,H t CCl, C,H,COOH 
CtH^COOH),^ C s H s COOH 

Benzoic acid has about the same antiseptic activity as phenol, but 
in concentrations above 0.1 per cent it is likely to produce local irrita¬ 
tion. Its irritant action and also its germicidal activity are reduced 
on its conversion into salts. It has a very low systemic activity and 
fatalities are unknown. 

Healthy men receiving 0.3 g. daily for two months, then 0.6-1.0 g. daily for 1-2 
weeks, and then 4-6 g. daily for shorter periods of time showed no deleterious 
effects. 

Benzoic acid and all aromatic acids and their analogs, e.g., cinnamic 
acid, quinic acid, etc., are excreted in conjugation with glycine in the 
form of hippuric acid. It can be demonstrated that the liver and 
kidneys, as well as many other organs, take part in the hippuric acid 
synthesis. Sodium benzoate injected intravenously can be used to test 
the function of the liver. In normal, human liver function benzoic 
acid is converted into hippuric acid; a determination of the amount and 
rate of excretion measures the functional activity and may be used to 
diagnose liver damage. 

The hippuric acid excretion in the normal man averages about 0.7 g. per day and 
arises from the benzoic acid naturally present in foods or obtained by oxidation. 
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Large doses of benzoic acid increase the elimination of uric acid. It 
has an antirheumatic action similar to but weaker than that of salicylic 
• 

It is used as a mild antiseptic in ointment of Benzoic and Salicylic 
Acid, N.F. It is administered internally as its salts, e.g., Sodium 
Benzoate, U.S.P., and Lithium Benzoate, N.F. These salts are mildly 

diuretic in action. They have value as preservatives for foods. 

Cinnamic Acid (/3-Phenylacrylic Acid), C«H 6 —CH=CH COOH, is 
an aryl-substituted unsaturated acid, present as its esters in oil of cinna¬ 
mon, storax, balsams, etc. Cinnamic acid exists in two possible geo¬ 
metric isomers: 


c*h 6 -c-h 


H—C-COOR 

fran*-Cinnamic acid 
m.p. 134* 


H—C—CftHs 

II 

H—C—COOH 

cu-Cionamic acid 
m.p. 68* 


Cinnamic acid and its substituted derivatives may be synthesized by 
the Perkin reaction. 1 


Not much is known about the pharmacological behavior of cinnamic acid. The 
acid and its salts are reported to produce leukocytosis. 


HALOGENATED ACIDS 

Halogenated acids have the properties of the carboxyl group and 
also of characteristic halogenated compounds. Types of some of these 
compounds are illustrated in Table 31. 

Sometimes the introduction of a halogen atom into the carboxyl- 
bearing molecule increases the acidic properties; e.g., trichloroacetic 
acid ionizes to a degree comparable with that of the stronger inorganic 
acids. In the aliphatic acids, this modifying effect of the halogen on 
the carboxyl decreases as the halogen and the carboxyl become further 
removed from each other (compare a- and /3-chloropropionic acids, 
Table 31). The halogenated benzoic acids ionize to a greater degree 
than does the unsubstituted acid. 

One other property is the increase in lability of a halogen in a posi¬ 
tion beta to a carboxyl group. The a-halogen acids are very stable; 
e.g. in a-chloropropionic acid, the chlorine atom is bound very firmly 
and not easily removed; but in the /3-halogen acids, the halogen atom is 
removed with comparative ease as hydrohalogen acid; thus /3-chloro¬ 
propionic acid loses hydrogen chloride with comparative readiness to 
form acrylic acid. 

1 Johnson, Organic Reactions, 1, 210-205 (1942). 
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TABLE 31 


Halogenated Acids 


Formula 

Name 

Melting 

Point 

°C. 

Boiling 

Point 

°C. 

Specific 

Gravity 

Ionization 

Constant 

CHi—COOH 

Acetic 

16.6 

118.1 

1.049 

1.8 X 10-* 

C1CH,—COOH 

Chloroacetic 

61.2 

189.5 

— 

1.55 X 10-* 

CLCH—COOH 

Dichloroacetic 

10 

193.5 

1.563 

5 X 10-* 

ClaC—COOH 

Trichloroacetic 

57.5 

195.3 

1.617" 

2 X 10-» 

BrCH,COOH 

Bromoacetic 

50 

208 

1.934 

1.38 X 10-* 

ICH,COOH 

Iodoacetic 

82 

dec. 

— 

7.5 X 10-* 

CNCH,—COOH 

Cyanoacetic 

66 

108 u 

— 

3.7 X 10“i 

CH.CH,—COOH 

Propionic 

-22 

141.1 

0.992 

1.34 X 10-» 

CHi—CHC1—COOH 

a-Cbloropropionic 


186 

1.307 

1.47 X 10“> 

CICHaCH,—COOH 

0-Chloropropionic 

61 

204 

— 

8.6 X 10-* 

CLo 

CaH 4 ( 

X COOH 

/ Cl-m 

(^H< 

N:ooh 

o-Chlorobenzoic 

140.7 




m-Chlorobenzoic 

154.9 




/Cl-P 

Nxioh 

p-Chlorobenzoic 

241.5 





Fluoroacetic Acid appears in “ Gifblaar,” Dichapetalum ( Chailletia) 
cymosum (Hook) Engl., one of the most poisonous plants of South Africa. 
It was first isolated from the plant by Marais. 12 Independently the 
observation was made in this country that sodium fluoroacetate, also 
known as “ ten-eighty ” or “ 1080,” is an excellent rodenticide. 1 * 3 
Unfortunately the compound is so extremely and generally toxic to all 
species of animals that it must be used only by responsible authority 
and it must be handled with extraordinary caution. 4 * 

A derivative of particular interest is the fluoroethyl ester of 
fluoroacetic acid, CH 2 FCOOCH 2 CH 2 F. Rats and guinea pigs exposed 
for 10 minutes to an atmosphere containing 0.092 g. per cu. m. of the 
ester showed high morbidity. 6 

Chloroacetic Acid, CICH 2 COOH, at the optimum concentration of 

1 Marais, Onderstepoort J. Vet. Sci. Animal Ind., 20, 67 (1944). 

* Klingensmith, Science, 102, 622 (1945). 

* Kalmbach, Science, 102, 232 (1945). 

4 Ward and Spencer, J. Am. Pharm. Assn., 36, 59 (1947). 

* McCombie and Saunders, Nature, 158, 382 (1946); C.A., 41, 2807 (1947). 
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0.03 per cent is an effective food and beverage stabil.zer In concen 
trations of 0.05 per cent, no public health hazard is involved, and the 
consumer of products so stabilized incurs no risks. 

Trichloroacetic Acid, U.S.P., CCUCOOH, consists of colorless deli¬ 
quescent crystals, very soluble in water 1 :0.1 and readily soluble n 
alcohol. It is the most corrosive of the halogenated organic acids. 
It is used externally for the removal of warts, etc., either as such or 
in strong aqueous solution. The dichloroacetic acid is not so corrosive, 
and it is often used for the same purpose as the trichloroacetic acid. 


The LD m in mg. per kg. to white mice for many of the halogen-substituted acids, 
on oral administration in neutral solution, is: chloroacetic, 165; a-chloroprop.omc, 
980; 0-chIoropropionic, above 2000; bromoacetic, 100; iodoacctic, 63; *-bromo- 
propionic, 250; 0-bromopropionic, above 2000; a-bromobutyric, 310; a-bromo- 
isobutyric, over 2000; a-bromovalcric, 380; a-bromoisovalenc, over 2000. Ihe 
^-halogenated and the a-halogenated branched-chain acids have lower toxicity. 


Iodine Derivatives of the Fatty Acids 

Monoiodoacetic Acid, ICH 2 COOH, injected in dogs in doses of 
2-6 mg. per kg. caused intense bradycardia. The indications are, 
however, that it causes only slight transient functional modifications 
of cardiac muscle and tissue. 3 

A large number of iodine derivatives of the fatty acids have been 
introduced as medicinal agents. Some of them are relatively pure acid 
derivatives and others are iodized fatty oils. In all the derivatives, 
the iodine is added to the double bond across unsaturated linkages 
of the fatty-acid portion of the molecule. Most of the iodine addition 
products of the fatty acids and oils are unstable in the presence of light 
and air, rapidly darkening in color and losing some of their iodine. 
They are rapidly decomposed by alkalies. 

The iodized fatty acids and their salts and the iodized oils have an 
activity similar to that of the inorganic iodides. They pass through the 
stomach and are absorbed from the intestines like other fats and become 
deposited in the lipoid tissues. The fatty acid is gradually metabolized, 
liberating iodine in the form of iodides, so that a uniform concentration 
of iodides is maintained over a longer period of time than is obtained 
with the inorganic iodides. They are extensively used in prophylaxis 
against goiter. 

1 Morrison and Leake, Univ. Calif. Pub. Pharmacol., 1, 397 (1941); C.A., 35, 8125 
(1941). 

* Morrison, J. Pharmacol ., 86, 336 (1946). 

8 Sarzana and Bevilotti, Boll. soc. ital. Idol, sper., 23, 494 (1947); C.A., 42, 1662 
(1948). 
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The iodized acids, oils, and fats are used as contrast media in 
roentgenography. When injected in the form of emulsions or after 
thinning with some substance such as ethyl oleate, they permit diagnosis 
of tumors, lesions, etc. 

Representative products of this type include the following: 

Calcium Iodobehenate, U.S.P. (Calcium Monoiodobehenate, Sajodin), 
(C2iH42lCOO)2Ca, is a white or yellow powder, insoluble in water and 
soluble in warm chloroform, containing about 23.5 per cent iodine. It 
is used as a substitute for the inorganic iodides and is usually adminis¬ 
tered as tablets or as the powder in capsules. 

Iodostarine (Diiodotariric Acid), C 18 H 32 I 2 O 2 , is a white, crystalline 
powder, insoluble in water but soluble in most organic solvents, con¬ 
taining about 47.5 per cent iodine. It is administered in the form of 
tablets as a substitute for the inorganic iodides. 

Oridine, N.N.R., is the calcium salt of the iodized fatty acids obtained 
from cottonseed oil. It contains about 24 per cent iodine and is ad¬ 
ministered in the form of tablets as a substitute for the inorganic iodides. 


HYDROXY ACIDS 

Hydroxy acids have the properties of the hydroxyl and carboxyl 
groups. They may be synthesized by the following procedures: 

1. Regulated oxidation of glycols: 

CH2OH CH2OH CHjOH 


CH2OH 

Ethylene 

glycol 


CHO 

Glycolic 
shyde 


COOH 

Glycolic 

acid 


2. From monohalogenated acids by treatment with moist silver oxide, or by 
prolonged boiling with water: 

CHjX CH2OH 

| —> | +HX 

COOH COOH 

3. From cyanohydrins, by hydrolysis: 

r _ ch=0 hcn r —CHOH—CN R —CHOH—COOH 

4. From aldehyde or ketone + ketene: 

R R 

-f- H2C=C=0 —► /C—Chi 2 3 4 —c=o 
R R 


yC=0 


0 - 


lactone 
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5 . By the reduction of aldehydic or ketonic acids: 

R—CO—COOH —► R—CHOH—COOH 

6 . By the action of nitrous acid on amino acids. Compare the Van Slyke 
method for the determination of amino acids. 

Although the illustrations given show the synthesis of alphahydroxy acids, it 
is obvious that other isomers may also be obtained from appropriate starting 
materials. 

An hydroxyl group substituted in the alpha position of a fatty acid 
increases the acidic properties to a slight extent. For example, the 
dissociation constant for propionic acid at 25° is 1.4 X lO'" 5 , and for 
lactic acid, CH 3 —CHOH—COOH, it is 1.38 X 10~\ An hydroxyl 
group in the beta position has little influence on the carboxyl group, 
but the carboxyl group labilizes the /3-hydroxyl to such an extent that 
it readily splits out water to form the a,/3-unsatu rated acid. 

The 7 - and 6 -hydroxyacids readily lose one molecule of water to form 
inner esters which are five- and six-membered heterocycles (see lactones), 
known as y- and 6 -lactones, respectively. 

Glycolic Acid, the simplest representative of the hydroxy acids, is 
present in unripe grapes and in the tomato, and it is the chief acidic 
constituent of sugar-cane juice. Its natural occurrence is probably 
associated in some manner with the biological synthesis of oxalic acid. 

Lactic Acid, N.F., CH,—CHOH—COOH, is obtained from sugars 
by the action of various bacilli. It was first identified by Scheele in 
sour milk. Technically, it is obtained by the fermentation of dextrose. 
Lactic acid is found in many foodstuffs, e.g., buttermilk, wine, cheese, 
sauerkraut, etc. 

The fermentation is carried out at 50°. Since the acid formed is toxic in higher 
concentrations to the organisms, lime or chalk is added to the reacting mixture to 
neutralize the acid as formed. Yields up to 60 per cent are obtainable. 

It is reported that some of the pharmacological properties of sauerkraut may be 
ascribed to a lactic acid ester of choline, lactylcholine. 1 

L-Lactic acid, also known as sarcolactic or muscle lactic acid, in¬ 
creases in the muscle as a result of work; part of it is metabolized and 
a part is reconverted into glycogen. The acid plays a very important 
role in the process of muscle contraction. 

Lactic acid-producing organisms and products containing them came into general 
use after Metchnikoff advanced the theory that autointoxication is brought about 
by intestinal putrefaction and that the products formed and absorbed bring about 
such conditions as arteriosclerosis and premature senility. The growth of the patho¬ 
genic organisms, according to Metchnikoffs theory, is altered or prevented by the 

1 Gehlen, Arch, ezptl. Path. Pharmakol. , 166, 703 (1932); C.A., 26, 5655 (1932). 
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presence of lactic acid-producing bacteria such as Bacillus bulgaricus in the intestinal 
tract. Products containing Lactobacillus acidophilus are used for the treatment of 
various chronic disorders of the gastrointestinal tract such as constipation, acute 
diarrhea, colitis, vomiting, and for the relief of symptoms that result from intestinal 
putrefaction, e.g., chronic headache, nervousness, and general malaise. 

The products used are: (1) milk soured by Lactobacillus acidophilus 
and (2) broth cultures of L. acidophilus converted into concentrates and 
used in the form of solutions or candied products. Usually, these 
products contain about 100 to 500 million living organisms per gram or 
cubic centimeter at the time of manufacture and about half this amount 
at the expiration date. The exact manner in which these preparations 
act is not known; they probably act by altering the intestinal flora so 
that the fermentative lactic-acid type predominates. The action seems 
to be due primarily to the organisms since the administration of purified 
lactic acid is without value. 

Lactic acid was found most effective of a series of acids tested for 
aerial bactericidal properties. 1 

Calcium Lactate, U.S.P., is a white powder, soluble about 1 :20 in 
water. It is used to restore to normal a low calcium content of the 
blood. The salt is less irritant than calcium chloride and more irritant 
than calcium gluconate and calcium levulinate. It is usually adminis¬ 
tered as the powder in milk, in capsules, or in tablets. 

Ferrous Lactate, N.N.R., is a crystalline or scale salt which largely 
masks the disagreeable taste of iron salts. It is used as an iron tonic, 
usually being administered in syrup solution. 

Silver Lactate, prepared by dissolving silver carbonate or freshly 
precipitated silver oxide in lactic acid with the aid of heat and in the 
dark, is a crystalline powder, soluble about 1 : 15 in water. It is 
less caustic than silver nitrate. It is used in diluted solutions, 1 : 100 to 
1 : 2500, as an antiseptic and astringent. 

Because of its availability lactic acid is used in large amounts in dyeing wool. The 
fabric is mordanted with dichromate and lactic acid; the acid is desirable because it 
possesses no strong corrosive action. Large amounts are used to remove lime from 
hides. As ethyl lactate, large amounts are employed as nitrocellulose solvents. 

/3-Hydroxypropionic Acid has not been found in natural sources. A 
derivative, a-phenyl-/3-hydroxypropionic acid, HOCH 2 —CH—COOH, 

1 

C.H* 

known as tropic acid, is found in atropine and in scopolamine as an 
ester of tropanol derivatives. 

* Lovelock, Nature, 156, 782 (1945). 
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0 -Hydroxybutyric Acid, CH,-CHOH-CH 2 -COOH, Is present occa- 
sionally as the levorotatory form in the urine especially of diabetics. 

Pyolipic Acid, C,oH 20 03, probably (- )-^hydroxy-n-decanoic acid, 
m.p. 46-47°, is responsible for the bactericidal effects of cultures 
Pseudomonas Pyocyanea and Bacillus protcus on Mycobacterium tubercu¬ 
losis and for therapeutic results in infected animals . 1 

Mandelic Acid, N.F., C e H 5 CHOHCOOH, occurs as the nitrile in the 
glycoside amygdalin. The acid may be prepared from benzaldehyde 
through the cyanhydrin synthesis: 

CeH&CHO ^ CftHsCHOHCN C 6 H 5 CHOHCOOH 

The use of mandelic acid in therapy originated after it had often been observed 
that patients with uncontrolled diabetes were quite free of infection of the upper 
urinary tract although susceptible to pyogenic infections in general. The added 
observation that urine containing large amounts of ketone bodies did not putrefy 
on standing in the laboratory led to the use of the ketogcnic diet in the treatment 
of upper urinary tract infections. The factor responsible for the bacteriostatic 
effect was found by Fuller* to be / 3 -hydroxybutyric acid. 0 -Hydroxybutyric acid 
cannot be administered by mouth to produce a similar effect because it is oxidized 
in the body. Rosenheim* studied a series of acids and discovered that mandelic 
acid possessed excellent bacteriostatic properties and was not oxidized in the body 
when administered by mouth but was excreted largely unchanged in the urine. 
Helmholtz and Osterberg* found that mandelic acid is most effective when the urine 
is markedly acid, a pH of 5.5 or less being necessary for best results. This led to the 
use of mandelic acid with ammonium chloride and sodium mandelatc with am¬ 
monium chloride, the ammonium chloride being given to maintain acidity of the 
urine. The ammonium and sodium salts sometimes cause nausea. This has been 
overcome by the use of combinations such as Calcium Mandelatc, U.S.P ., and me- 
thenamine mandclate, which seem to be effective without adding ammonium chloride 
to secure urine acidity. Various products, such as syrups, elixirs, and tablets of 
the mandelate salts, are administered orally, with careful control of the pH of the 
urine, for their bacteriostatic and bactericidal action against organisms causing 
infections (cystitis, pyelitis) of the upper urinary tract, e.g., Bacillus coli. Riebsomer 
et al. h have prepared a series of halogenated and alkylated derivatives of mandelic 
acid and have found that some of them are more active than mandelic acid in vitro. 

Typical of the polyhydroxy monobasic acids are the aldoses in which 
the aldehyde group has been converted into a carboxyl group. The 
simplest member of the series is glyceric acid, CH 2 OH—CHOH—COOH. 
A representative of the higher acids is gluconic acid. Glucose may be 
converted into gluconic acid by oxidation with bromine water: 

1 Bergstrom,Theorell, and Davide, Arch. Biochem ., 10, 165 (1946). 

* Lancet , 1, 855 (1935). 

* Lancet, 1, 1032 (1935). 

*J. Am. Med. Assoc., 107, 1794 (1936). 

6 J. Am. Chem. Soc., 60, 1015 (1938). 
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CH 2 OH(CHOH) 4 CHO CH 2 OH(CHOH) 4 COOH 

Glucose Gluconic acid 

This acid is isolated as its 7 -lactone. 

Calcium Gluconate, U.S.P., (CH 2 0H(CH0H) 4 C00] 2 Ca-2H 2 0, is the 
normal calcium salt of gluconic acid. It is prepared by the fermenta¬ 
tion of glucose in the presence of lime by various bacilli. By careful 
control of the organism, the temperature, and the pH of the fermenta¬ 
tion mixture, very high yields can be obtained. It is a crystalline or 
granular salt, soluble about 1 : 30 in water and insoluble in organic sol¬ 
vents. It is one of the most generally used calcium compounds for 
supplying any deficiency of this element in the normal blood. It is usu¬ 
ally administered intravenously in sterile solution (Calcium Gluconate 
Injection, U.S.P.) or orally in the form of tablets, capsules, or as the 
powder stirred in milk, etc. Since the salt is not very soluble in water, 
various means have been used to secure stable supersaturated solutions, 
such as the addition of boric acid, soluble calcium salts of saccharic 
acids, and soluble calcium salts of sulfonic acids . 1 These supersatu¬ 
rated solutions are very important in veterinary therapy for the treat¬ 
ment of milk fever in cows, when it is often necessary to inject into the 
jugular vein as much as 50 to 75 g. of the gluconate in a single dose. 
Calcium gluconate is less irritant and caustic than the chloride or the 
lactate. The levulinate is more expensive. 

The importance of calcium in therapy is now quite well understood. It is known 
that the calcium plays an important part in metabolism. In the human body, it 
performs valuable functions in bone structure, colloidal aggregation, cell permeability, 
normal coagulation of the blood, transformation of energy derived from foods into 
muscular contraction, and in the regulation of nervous, muscular, and glandular 
activity. Human blood serum in temperate climates varies between about 9 and 
10 mg. per 100 cc. in calcium content. The daily human requirements have been 
estimated to be about 1 g. for every 100 g. of protein. Milk is one of the best food 
sources. Deficiency in calcium may lead to such disease conditions as rachitis, 
osteomalacia, and tetany; these conditions are usually caused by failure to utilize 
calcium rather than by insufficient intake. Calcium salts are then given with vitamin 
D or parathyroid extracts, the calcium salts being merely adjuvants. Other condi¬ 
tions such as nervous twitching, allergy, inflammatory edema, and toxemias, have 
been reported to be benefited by the administration of calcium salts. 

Ferrous Gluconate, (CH 2 0H(CH0H) 4 C00) 2 Fe-H 2 0, contains about 
15 per cent iron. It is used in tablets or an elixir to provide a readily 
assimilable, nonirritating ferrous iron in the treatment of anemia. 

Malic Acid (Hydroxysuccinic Acid), HOOC—CHOH—CH 2 —COOH, 
appears in unripe fruits, such as the pear, apple, etc. Its esters appear 

1 J. Am. Pharm. Assoc., 27, 484 (1938). 
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in certain fruit essences. The compound has one asymmetric carbon 
atom and hence exists in the d-, l- and racemic forms, all of which are 

Tartaric Acid, U.S.P. (Dihydroxysuccinic Acid), HOOC—CHOH— 
CHOH—COOH, is present in many fruits, particularly in the grape. 
It is obtained from the wine lees or argol as a by-product of vinous fer¬ 
mentation. 

Tartaric acid was the first compound on which Pasteur made his study of optical 
activity. He observed that at 27° there was a spontaneous separation of the enantio- 
morphous sodium antimony tartrates into the d- and the L-salts. He also discovered, 
with tartaric acid, the biochemical method of separation of optical isomers, the mold 
Penicillium glaucum destroying the D-component. Pasteur further discovered the 
method of resolution of d- and i^tartaric acids by conversion into the cinchonine salts 
and separation of the diastcreoisomers. 

The official tartaric acid is not used as such as a medicinal agent, but 
it is used in the manufacture of a number of salts of importance. 

Potassium Bitartrate, N.F. (Hydrogen Potassium Tartrate, Cream of 
Tartar), KOOC—CHOH—CHOH—COOH, consists of crystals having 
a slightly acid taste, soluble in water about 1 : 162. It is used in making 
Compound Effervescent Powder , U.S.P. Administered usually in 
solution, it acts as a saline cathartic. 

Potassium Sodium Tartrate, U.S.P. (Rochelle Salt), KOOC— 
CHOH—CHOH—COONa, is a white powder or colorless crystals, 
soluble in water about 1 :0.9, formed when potassium acid tartrate is 
neutralized with sodium hydroxide or carbonate. Administered in 
solution in water as such or in Compound Effervescent Powder, U.S.P., 
it is used as a saline cathartic. 

Antimony Potassium Tartrate, U.S.P. (Tartar Emetic, Antimonyl 
Potassium Tartrate, Tartrated Antimony), OSbOOC—CHOH— 
CHOH—COOK, consists of a white powder or colorless crystals, soluble 
in water about 1:12. It is administered orally in solution as an emetic 
and as a nauseant, the effect depending on the dose. Administered 
intravenously, it is used to treat a number of tropical diseases caused by 
protozoan infections, such as kala-azar, granuloma inguinale, Leish¬ 
maniasis, and sleeping sickness. See Findlay, Recent Advances in 
Chemotherapy. 

Bismuth Sodium Tartrate, N.N.R., and Bismuth Potassium Tartrate, 
U.S.P., N.N.R., are white powders of indefinite molecular formula, 
soluble about 1 : 2.5 in water. They are used to secure the systemic 
effect of bismuth in the treatment of syphilis, usually being administered 
parenterally in sterile solution. 

Citric Acid, U.S.P. (Hydroxytricarballylic Acid), is one of the most 
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widely occurring natural acids. It was found first in the juice of citrus 
fruits, but it is present in many other fruits. It is obtained by the fer¬ 
mentation of sugar solutions with various molds, e.g., Aspergillus niger 
or Ciiromyces pfefferianus. The structure of the acid becomes apparent 
from its synthesis from dichloroacetone. 


CH 2 C1 

1 

ch 2 cn 

1 

ch 2 cooh 

1 

CO 

1 

HCN then HOH 

HOH UAppAAU 

77TT ^ riUl^UUUri 
followed by 

-► HUUUUOH 

1 

KCN | 

1 

CH 2 COOH 

CH 2 C1 

CH 2 CN 


Citric acid 


ch 2 cooh 

-HOH I 

CCOOH 

+ HOH || 

CHCOOH 


Aconitic acid 


As a 0-hydroxyacid, citric acid readily loses one molecule of water with 
the formation of aconitic acid, an unsaturated tricarboxylic acid. 
Conversely, the hydration of aconitic acid forms citric acid. Aconitic 
acid has been detected in the Ranunculaceae, especially in the monks¬ 
hood (Aconitum). 

The official citric acid consists of colorless crystals, soluble about 
1 : 0.5 in water. It is used as a flavor, being a practical substitute for 
lemon juice, e.g., Syrup of Citric Acid, U.S.P. A number of salts of 
citric acid are used. 

Sodium Citrate, U.S.P., Potassium Citrate, U.S.P., and Lithium Cit¬ 
rate, N.F., are salts crystallizing with varying amounts of water, and, 
being readily soluble, are used in the form of aqueous solutions to secure 
the effects of the respective metal ions. All of them act as antacids, as 
diuretics, and as laxatives. Magnesium citrate is the chief ingredient 
in Magnesium Citrate Solution, U.S.P. The official solution is used as a 
pleasant tasting, effective, saline laxative. Sodium citrate is also used 
in making Anticoagulant Sodium Citrate Solution, U.S.P., and in the 
preparation of Citrated Normal Human Plasma, U.S.P. 

Copper Citrate, U.S.P., N.N.R. (Cupric Citrate), consists of green 
crystals containing 34-36 per cent copper. It is used as a mild 
escharotic, astringent, and antiseptic in the form of ointments for the 
treatment of granulations and trachoma. 

Ferric Ammonium Citrate, U.S.P., is a readily soluble, scale salt used 
for the administration of iron. 

Ricinoleic Acid (12-Hydroxy-8-octadecenoic Acid), CH 3 (CH 2 ) 6 — 
CHOH(CH 2 ) 2 CH=CH(CH 2 )«COOH, an unsaturated, hydroxy, open- 
chain carboxylic acid, constitutes about 80 per cent of the fatty acid 
portion in the glycerides of castor oil. The acid has a strongly laxative 
action when taken into the alimentary tract. 

It is remarkable that a fat composed of the acid of the indicated 
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structure should be so stable as to permit the use of castor oil as a 
lubricant in airplane motors. 

Cyclic Hydroxy Acids 

Animal bile on hydrolysis yields an acidic fraction composed of a 
mixture of bile acids, which are derivatives of cholanic acid. The 
structures and names of the four principal components are: 



These acids occur in the bile in peptidelike linkage with either glycine 
or taurine as water-soluble sodium salts and then are known as gly- 
cocholic or taurocholic acid, respectively. 


C 23 H 36 (OH) 3 CONHCH 2 COOH —> C 23 H 3 6(OH) 3 COOH + 

Glyeochotic acid Cholic acid 

NH 2 CH 2 COOH 

Glycine 

HOH 

C 23 H 36 (0H) 3 C0NHCH 2 CH 2 -S0 3 H —> C 23 H 36 (OH) 3 COOH + 

Taurocholic acid Cholic acid 

nh 2 ch 2 ch 2 so 3 h 

Taurine 
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The bile acids are used in therapy in the form of their sodium salts. 
They are usually prepared from ox bile. The dried bile is extracted 
with absolute alcohol, and the dissolved bile salts are precipitated by 
the addition of ether. The resinlike precipitate becomes crystalline on 
standing. The glycocholate and the taurocholate can be separated by 
the addition of lead acetate to an aqueous solution of the sodium salts. 
Lead glycocholate is precipitated, and lead taurocholate can be obtained 
from the mother liquor by the addition of lead subacetate. 

The bile salts are the chief active constituents of bile. They are used 
along with resinous cathartics to increase the efficiency. They are 
believed to aid in the emulsification of fat and aid in fat absorption. 
The bile salts also stimulate secretions by the liver. Bile salts which 
consist of mixtures of the sodium salts of the bile acids from ox blood are 
described in N.N.R. The salts are the main constituents of Ox Bile 
Extract , U.S.P. These products are usually administered in the form of 
tablets or capsules. 

Dehydrocholic Acid, N.N.R. (Decholin), is a colorless, crystalline 
compound, insoluble in water and slightly soluble in glacial acetic acid 
and alcohol. It is a keto form of cholic acid derived from bile. It is 
used as a choleretic, producing an increase in the output of bile with 
decreased viscosity and increased water content. It usually is ad¬ 
ministered as the sodium salt in tablet form or in solution by injection. 

Hydroxy Aromatic Acids 

Salicylic Acid, U.S.P. (o-Hydroxybenzoic Acid), is the most important 
of the three isomeric hydroxybenzoic acids. It was first discovered 
by Piria in 1839. It is found in the blossoms of Spiraea vlmaria , and 
its methyl ester is the chief constituent of oil of wintergreen. It may be 
synthesized according to the method of Kolbe by heating sodium 
phenoxide at 180-220° in a stream of carbon dioxide. The reaction 
takes place as indicated: 

C«H s ONa + C0 2 —► HOCeH^OONa 
HOCoILCOONa + CsHsONa —► NaOC«H 4 COONa + CeHjOH 

This procedure converts only half of the phenol into salicylic acid. To 
overcome this objection, Schmitt introduced a modification whereby 
sodium phenoxide is heated in a closed vessel with carbon dioxide at 
130° to form sodium phenyl carbonate, CgHsOCOONa; this then 
rearranges to form sodium salicylate. 

If, instead of sodium phenoxide, the corresponding potassium phenoxide is used, 
the product is salicylic acid, when the temperature is kept below 150°; at higher ‘ 
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temperatures p-hydroxybenzoic acid is formed. Potassium salicylate heated to 220° 
forms phenol and dipotassium p-hydroxybenzoate. 

Salicylic acid and its compounds produce marked antipyretic and 
analgesic effects and give striking relief in the symptoms of acute 
articular rheumatism. The free acid is an antiseptic, an active irritant, 
and slow corrosive; it is used in Salicylic Collodion, N.F. , as a corn 
remover. For internal use, Sodium Salicylate, U.S.P ., Ammonium 
Salicylate, N.F. , Lithium Salicylate, N.F. , and Strontium Salicylate, 
N.F., are usually employed, being administered as tablets or in capsules. 

m-Hydroxybenzoic Acid is prepared by the diazotization of m-amino- 
benzoic acid. This acid, in contrast to its o- and p-isomers, is thermo¬ 
stable, that is, it does not readily lose carbon dioxide. 

^-Hydroxybenzoic Acid is not formed naturally. Its synthesis is de¬ 
scribed under salicylic acid. Its esters possess anesthetic and antiseptic 
properties. The esters are used as preservatives. 

The esters of the phenolic acids are quite analogous to the alkyl- 
phenols 

HOC6H4CH2R HOC6H4COOR 

and it is to be expected that the higher esters should have greater 
germicidal activity. 

Protocatechuic Acid (3,4-Dihydroxy benzoic Acid) is obtained by the 
alkaline fusion of various resins, such as catechu and benzoin. It may 
be prepared synthetically with its isomer, 2,3-dihydroxybenzoic acid, 
by heating catechol with ammonium carbonate. 

Gallic Acid (3,4,5-Trihydroxybenzoic Acid) is found in many plants, 
e.g., in tea and nutgalls, as tannin glycosides, etc. It readily loses 
carbon dioxide to form pyrogallol. 

cfs-o-Hydroxycinnamic Acid readily loses a molecule of water to form 
a 6-lactone known as coumarin (page 516). Coumarin is the odoriferous 
principle in new-mown hay. 

2,5-Dihydroxyphenylacetic Acid (Alcapton) is the precursor of the 
black pigment that appears in the urine of alcaptonurics. 

/3-(4-Hydroxy-3,5-diiod6phenyl)-a-phenylpropionic Acid (Iodalphionic 
Acid, “ Priodax ”) is recommended as a contrast medium for photo¬ 
graphing the gall bladder. 

2,4-Dichlorophenoxyacetic Acid (2,4-D), 2,4-Cl 2 C 6 H 3 OCH 2 COOH, 
became a sensation when its herbicidal properties were discovered 
in 1944. It is prepared by refluxing an alkaline solution of 2,4-dichloro- 
phenol and chloroacetic acid. At high dilutions, 10 parts per million, 
it exerts a beneficial effect on most plants because of its hormonal prop¬ 
erties. At less dilution, 100 to 1000 parts per million, it stimulates 
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abnormal growth, causing death of the entire root system. It is thus 
toxic to most broadleaf plants. It is nontoxic to animals. 1 

ALDEHYDIC AND KETONIC ACIDS 

Compounds containing both the carboxyl and the carbonyl group 
have the properties of both functional groups. It is apparent that in the 
aliphatic chain the carbonyl may be present anywhere in that chain. 
Those acids in which the two functions are separated by two or 
more methylenes, e.g., R— CO—CI^CH*—COOH and R—CO— 
CH2CH2CH2 COOH, are of comparatively little interest. Except 
levulinic acid, CH3COCH2CH2COOH, y-ketovaleric acid, none of 
these compounds need be considered. Levulinic acid may be synthe¬ 
sized by heating various carbohydrates with dilute hydrochloric acid; 
the mechanism of the reaction is not understood. This y-keto acid is 
occasionally encountered among the degradation derivatives of natural 
products, such as the terpenes. 

Calcium Levulinate, N.F., N.N.R. (CH 3 C0CH 2 CH 2 C0 2 ) 2 Ca-2H 2 0, is 
used for the same purposes as calcium gluconate. It has the advantage 
that solutions containing as much as 30 per cent can be prepared which 
are stable when heated as in sterilization. It is relatively nonirritant. 
I his is a highly desirable property in salts intended for injection by the 
intravenous route since irritant salts like calcium chloride cause necrosis 
and sloughing if injected outside the vein. Calcium levulinate is 
generally administered intravenously in the form of a sterile 10 per cent 
solution. It has the same effect as other calcium salts (see Calcium 
Gluconate, page 230). 

The a-keto acids are much better known. They may be synthesized by the mild 
oxidation of the a-hydroxyacids. The oximes of the a-keto acids may be obtained 
by allowing an ester of nitrous acid to react, in the presence of sulfuric acid, with an 
alkyl derivative of acetoacetic ester or akylmalonic acid.* In the a-keto acids, the 
carbonyl group shows all the reactions that normally characterize a ketonic carbonyl. 
The carboxyl group, however, with an a-carbonyl is quite labile; e.g., high tempera¬ 
tures, warming with sulfuric acid, or heating the salts with carbonates causes the 
molecule to lose carbon dioxide, leaving the residue as an aldehyde or products 
resulting from the aldehyde: 

R—CO—COOH R—CHO 

Many reactions of a-keto acids that are frequently described as exceptional or un¬ 
usual depend upon the preliminary formation of the aldehyde, and the aldehyde then 
reacts with the reagents. 

1 Hildebrand, Science, 103, 465 (1946). 

* Barry and Hartung, J . Org. Chem., 12, 460 (1947). 
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Glyoxalic Acid is the simplest of the a-carbonyl acids. It is common 
in unripe fruits. It is quite toxic since it is readily oxidized to oxalic 

acid. 

It is quite possible that the aldehydic group, attached as it is to a negative car¬ 
boxyl group, exists in solution in the hydrated form HOOC—CH(OH)j. This 
acid shows all the reactions characteristic of an aldehyde. It reduces Fehling s 
solution, Tollen’s solution, forms a bisulfite addition product, forms an oxime, 
hydrazone, etc. As an aldehyde without an a-hydrogen atom, it also undergoes 
the Cannizzaro reaction, forming glycolic and oxalic acids. 

2 CHO—COOH - 


Glyoxalic 
cid 


CH 2 OHCOOH + (COOH)a 

Glycolic Oxalic 

acid *cid 


Pyruvic Acid (Pyroracemic Acid, a-Ketopropionic Acid), CH 3 —CO— 
COOH, is the simplest of the a-keto acids. It may be obtained by the 
mild oxidation of lactic acid or by the dry distillation of tartaric acid. 


COOH 

I 

CHOH 


CHOH 


-co* 


COOH 

I 

CHOH 


-HOH 


I 


COOH 

Tartaric 

acid 


CHOH 


H 

Glyceric 

acid 


COOH 

I 

C-OH 

II 

CH 2 


Enol form 


COOH 

I 

CO 

I 

CHj 


Pyruvic acid, 
koto form 


Pyruvic acid, along with the corresponding aldehyde, methylglyoxal (pyruvalde- 
hyde), CH,—CO—CHO, occupies an important place in the chemistry of biological 
processes. On their formation as intermediates depends the interconvcrsion of 
proteins, carbohydrates, and fats. The fermentation of glucose, for example, takes 
place, according to Neuberg’s theory, as follows: 

(а) CftHuO* 2CH,COCHO + 2 HOH 

( б ) 2CHjCOCHO + 2HOH CaQ _^£ ro ' 8 CHaOH—CHOH—CHaOH + 

reaction 


CH 3 —CO—COOH 


(a) CH,—CO—COOH —► CHr-CHO + COa 

decarboxylase 


(d) CH,—CHO + CH,—CO—CHO + HOH 


CH,—CHaOH + 

CH,—CO—COOH 


If during the fermentation process some reagent is added that removes the acetalde¬ 
hyde, such as sodium sulfite which forms the addition product with acetaldehyde, 
thereby preventing the step indicated in equation (d), the yields of glycerol and of 
acetaldehyde are increased. 

0 -Ketonic acids are important for at least two reasons: ( 1 ) chemically because the 
simplest member of the series, / 3 -ketobutyric acid, commonly known as acetoacetic 
acid, CH,—CO—CH 2 —COOH, is encountered in the form of its ester in many 
synthetic processes; ( 2 ) biologically as the product formed during the metabolism 
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of the fatty acids. The methylene group located between the carbonyl and the 
carboxyl groups is very active; its reactions and their applications are discussed in 
greater detail under esters and the Claisen synthesis, page 264. 

0-Ketonic acids, with the carbonyl and the carboxyl groups attached to the same 
carbon atom, show the expected characteristics for the two functional groups. The 
groups have a mutually modifying effect in that both the acyl and the carboxyl are 
considerably more labile, and, according to conditions, either one or the other may be 
removed, largely to the exclusion of the other. Thus the following type of com¬ 
pounds, RCOCHjCOOH, RCOCHR'COOH, and RCOCR'R"COOH, readily lose 
carbon dioxide on heating or by hydrolysis under the influence of mild alkali or acid. 
This is called ketone hydrolysis. If hydrolysis of the acid, usually in the form of its 
ester, is carried out in concentrated alkali, the acyl group is removed, leaving the 
add. This is called acid hydrolysis. Both reactions are frequently employed in the 
synthesis of acids or ketones from acetoacetic ester, page 264. 

The second reason for the importance of 0-keto acids is their formation in the 
0 -oxidative metabolism of fatty acids. According to Knoop’s theory the fatty acids 
undergo progressive oxidation, the first point of attack being the carbon atom 0 to 
the carboxyl group. The first product is a 0-hydroxy acid which is oxidized to a 
0 -keto acid, and, in normal metabolism, this is further oxidized in such a manner that 
a new acid with two less carbon atoms is formed. This new acid then undergoes the 
process again until metabolism is complete: 

RCH^HjCH^HjCOOH —► RCHjCHiCHOHCHiCOOH 
—> RCHjCHjCOCHjCOOH —>-RCH,CH,COOH —► 
RCHOHCHjCOOH —► RCOCH,COOH —>-RCOOH —►, etc. 

Support of this theory is found in the experimental observation that hydrogen 
peroxide acting on the ammonium salts of the fatty acids causes oxidation at the 
0 -carbon atom. 

According to Knoop’s theory two carbon atoms are removed at a time from the 
fatty acid. Since all natural fatty acids are composed of chains with an even number 
of carbon atoms, the degradation must finally reach the formation of 0 -ketobutyric 
or acetoacetic acid. Under certain pathological conditions, e.g., in diabetes, the 
degradation of 0 -ketobutyric acid proceeds abnormally, that is, with elimination of 
carbon dioxide, giving rise to acetone. When acetone appears in the urine the condi¬ 
tion is known as ketonuria. 

To avoid the formation of acetone bodies, the suggestion has been advanced that 
a fat with an uneven-numbered carbon chain acid be employed, e.g., trimargarin, 
which cannot form 0 -ketobutyric acid. It is reported that such a glyceride does 
alleviate the condition, but unfortunately the fat can be prepared synthetically only 
from rare acids. 

^-Hydroxyphenylpyruvic Acid, which may be obtained by the oxidative deamina¬ 
tion of tyrosine, accumulates in the blood and urine of individuals possessing the 
recessive hereditary trait known as phenylketonuria, a condition invariably charac¬ 
terized by mental deficiency. Perhaps the excessive p-hydroxyphenylpyruvic acid 
interferes with the normal functioning of the central nervous system . 1 


1 Beadle, Chem. Eng. News, 24, 1369 (1946). 
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ACID HALIDES 

Acid halides, general structure RCOX, are compounds v^uaUe ^ 
intermediates. The compounds are useful m Bynthe zmg many 
medicinal chemical products; they are too act.ve to be used directly. 
Some of the more common acid chlorides are listed in Table ii. 


TABLE 32 


Some Acid Chlorides 


Formula 

Name 

Melting Point 
°C. 

Boiling Point 
°C. 

Specific 

Gravity 

CH|—CO—Cl 

Acetyl 

-112 

52 

1.1045° 

CH |CH t —CO—Cl 

Propionyl 

-94 

80 

1 . Ubo 

CHiCHjCHi—CO—C l 

Butyryl 

-89 

102 

1.0277 

« nil 

C«H &—CO—Cl 

Benzoyl 

-0.8 

197.2 

1.211 


ACID ANHYDRIDES 

An acid anhydride is a substance that reacts with water to form an 
acid. Structurally the anhydrides of organic acids may be looked upon 
as compounds from which the elements of water have been abstracted. 
Two carboxyl groups are involved in acid anhydride formation, e.g.: 


CH*—0=0 

CHj-O=0 

H—C 

> 


> 


CHa—0=0 

ch 2 —0=0 

H—C 

Aootio anhydride 

Succinio anhydride 

Pht: 



These on treatment with water regenerate two carboxyl groups. 


Preparation 

The anhydrides of the monocarboxylic acids are formed by allowing 
the acid chloride to react with the salt of the acid. The synthesis of the 
acid chloride and the anhydride may be combined: 

2 RCOONa + POCl 3 —> 2RCOC1 + NaCl + NaPOa 
RCO—Cl + RCOONa—>• (R—C0) 2 0 + NaCi 
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In the higher members of the series, it frequently suffices to heat to¬ 
gether the free acid and its acid chloride, when the volatile hydrogen 
chloride is eliminated and the acid anhydride is formed. One may 
employ acetic anhydride as a dehydrating agent, forming acetic acid 
and the anhydride of the higher homolog. 


Properties 

The characteristic reactions of the anhydrides are summarized in the 
equations: 

1. Reaction with water to form two molecules of the acid: 

(R—C0) 2 0 + HOH —> 2R—COOH 

2. Reaction with alcohol to form an ester and acid: 

(R—C0) 2 0 + R'OH —► R—CO—OR' + R—COOH 

3. Reaction with ammonia, amines, etc., to form amides and a molecule of 
acid or salt: 

(R—C0) 2 0 + 2NH 3 —► R—CO—NH 2 + R—COONH 4 

The same types of compounds may be obtained from the acid chlorides 
or the anhydrides. 

Formic Anhydride, HCO—O—CHO, like formyl chloride, is the 
hypothetical first member of a series, but it does not exist. Attempts 
to prepare it result in the formation of water and carbon monoxide. 

Acetic Anhydride, (CH 3 C0) 2 0, b.p. 139.6°, is the most widely used 
of the anhydrides. Acetic anhydride and acetyl chloride are used for 
acetylations in syntheses and in the analytical determination of the 
“ acetyl number ” (the free hydroxyl groups in a molecule). 

The acid anhydrides are too reactive and hence too caustic to be used 
directly for medicinal purposes. 

Cantharidin is the active principle occurring in two species of insects, 
namely, Cantharides or Spanish flies from the dried beetles of Cantharis 
vesicatona and Mylabris or Chinese cantharides from the dried beetles 
Mylabris phalerata or M. cichorii. Cantharides contains from 0.4 to 1 
per cent of cantharidin, and the Mylabris contains from 1 to 1.5 per cent. 
It consists of colorless crystals, m.p. 218°, which begin to sublime at 
about 85°. It is slightly soluble in water, alcohol, and most organic 
solvents. 
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It has been synthesized according to the following steps: 1 

CHj CH, 


N» 


CHjCO—C—COOEt —► CHj—CO—C—COOEt Bn 

I I 

I CHj—CO—C—COOEt 

I 

CHj 


CHj CO CHj 

I / \ / 

Br-CH,—CO—C-COOEt . H,C C—COOEt 

I I I- 

Br—CH 2 —CO—C—COOEt H*C C-COOEt 

I \ / \ 

CH 3 CO CHa 


h, 


AUOCHCIIa)! 


CHOH CHi 
C—COOEt 


,C C—COOEt 

X CHOHCH, 


CH CHi 
HJC' | ^C-COOH 


(H,so 4 ) 




C—COOH 

Ch' CHg 


K*OH 


.CH ^CH, 

HC' X C—-CO 


HiC CH*-^C—COOH 
X CH-O- 

Cantharic acid 


Cantharidin, 3 . 6 -Oxido- 

1.2- dimethylcyclohcxano- 

1.2- dicar boxy lie acid 


Cantharidin heated with sodium hydroxide yields cantharic acid, a 
7 -lactone. 

Cantharides is a powerful vesicant and irritant. It is used in the form 
of the plaster and the cerate , N.F., for counterirritation in rheumatic, 
neuralgic, and pleurisy pains, etc. It is sometimes used in the form of a 
tincture in the hope of stimulating hair growth in baldness. Taken 
internally it is toxic. 

1 Phalnikar, Bhide, and Nargund, Proc. Ind. Acad. Sci., 19A, 385 (1944); C.A ., 
39, 503 (1945). 
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PHTHALEINS 

Phthaleins are a class of compounds obtained by the condensation of 
phenols with phthalic anhydride in the presence of dehydrating agents, 
typical of such syntheses is that of phenolphthalein itself. 


OH 



Phenolphthalein, known since its discovery by A. von Baeyer in 1871, 
had been used as an indicator before its therapeutic use as a laxative 
was discovered by Vamossy in 1900. Numerous compounds of the 
phthalein type are used in medicine as diagnostic agents. 

Phenolphthalein, U.S.P., is prepared by heating a mixture of phenol 
and phthalic anhydride in the presence of zinc chloride at 115° to 120°. 
Phenolphthalein is a white or slightly yellow, crystalline solid which 
dissolves in alcohol 1 : 15 and in solutions of alkalies but is practically 
insoluble in water. 

Phenolphthalein may exist in two tautomeric forms, the one colored 
and the other colorless. The form predominating depends upon the pH 
of the solution. This tautomerism is structurally represented: 



Phenolphthalein. Phenolphthalein. Phenolphthalein, 

oolorleee monoaodium salt. diaodium aalt, red 

colorleaa 

The color change takes place at pH range 8.3 to 10, making this an 
indicator sensitive to low hydrogen-ion concentration, i.e., useful for 
titrating weak acids with alkali. 





243 


PHTHALEINS 


Phenolphthalein is a mild, tasteless purgative used e’densively to 
treat habitual constipation. It is poorly absorted f rom the ahmenUy 

canal and ordinarily is nontoxic. It is used in tablet Petrol- 

with other laxative drugs such as mineral oil and agar-agar e.g. m 
agar. It is a common ingredient in many of the exploited laxative 
preparations. The purgative action of phenolphthaleins is ascribe 

the group (HO—C.H,)*=C=. Confirmation of this hypothesis is 

found in the observation that, in general, compounds containing 
such a grouping, e.g., Isacen and Istizin, possess purgative activity. • 
The glycosides of the hydroxyanthraquinones contain the same group¬ 
ing. 


OCOCHj OCOCHj 

00 

c 



HO O OH 



O 

?• latino.” 

1.8-dihydro*yanthr»quinono 


The phthalein obtained from thymol, m.p. 252.4-253.1° and the one 
from carvacrol, m.p. 294°, are devoid of laxative effect. 3 

Phenoltetrachlorophthalein, N.N.R., was first studied pharmacologi¬ 
cally by Abel and Rountree and was introduced as an agent to test liver 
function by Rountree and his collaborators, Whipple and Marshall, in 
1913. It is prepared by condensing tetrachlorophthalic acid with 
phenol. 

It is an odorless, stable, cream-white powder, practically insoluble in 
water, and readily soluble in acetone, alcohol, and ether. 

Phenoltetrachlorophthalein is used to test the functional activity of 
the liver by a method perfected by Rosenthal (1922). For this purpose 
it is administered intravenously in the form of its disodium salt. The 
normal liver rapidly removes the dye from the blood, but when the liver 
function is impaired the dye is removed slowly, the rate depending on 
the degree of impairment. 


1 Kaufman, Z. Angew. Chem., 40, 831, 858 (1927). 

* Easson, Harrison, McSwiney, and Pyman, Quart. J. Pharm. Pharmacol ., 7, 509 
(1934). 

3 Hubacher, J. Am. Chem. Soc., 64, 2538 (1942). 
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Sulfobromophthalein Sodium, U.S.P., N.N.R. (Disodium Phenoltetra- 
bromophthalein Sulfonate), is a product developed by Rosenthal and 
White in 1924 as a substitute for phenoltetrachlorophthalein in the 
determination of hepatic function. It is prepared by condensing 
tetrabromophthalic anhydride with phenol and sulfonation of the 
product. 




disulfonio acid 


It is a white, crystalline powder, readily soluble in water, alcohol, and 
acetone. The amount remaining in the blood after intravenous injec¬ 
tion is determined colorimetrically and considered as a measure of 
hepatic function in the same manner as phenoltetrachlorophthalein. 
It has the advantage that only 0.002 g. per kg. of body weight is required 
for the test, whereas 0.005 g. per kg. of body weight of phenoltetra¬ 
chlorophthalein is required. 

Iodophthalein Sodium, U.S.P., N.N.R. (Tetraiodophenolphthalein 
Sodium, Tetraiodophthalein Sodium, Tetiothalein Sodium, Iodeikon), 
was introduced for the x-ray visualization of the gall bladder through 
the investigations of Graham, Cole, Gopher, and Moore in 1923. It is 
prepared by iodinating phenolphthalein in alkaline solution. 
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It is a violet, odorless, slightly hygroscopic, granular solid, soluble in 
water and slightly soluble in alcohol. 

Soluble iodophthalein is used for the roentgenologic examination of 
the gall bladder and for the test of liver function. After intravenous 
administration, it appears in the normal gall bladder in sufficient con¬ 
centration to cast a shadow to the roentgen rays, and, when the liver 
function is impaired, it is retained in the blood. The determination of 
the amounts retained in the blood is used to measure the extent of liver 
impairment. 

Fluorescein Sodium, U.S.P., N.N.R. (Soluble Fluorescein, Resorcinol- 
phthalein Sodium), is a compound prepared by condensing resorcinol 
with phthalic anhydride in the presence of a dehydrating agent such as 
zinc chloride or sulfuric acid and converting the product to the sodium 
salt. 



The quinoid form in which fluorescein exists as the disodium salt is an 
orange-red powder which dissolves readily in water to form fluorescent 
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solutions. Upon treatment with acids, the quinoid tautomer is de¬ 
stroyed and the fluorescence disappears. 

Soluble fluorescein is used as a diagnostic agent in ophthalmologic 
work. A dilute solution, usually 2 per cent, does not stain the normal 
cornea, but ulcers or parts deprived of epithelium and diseased areas of 
the endothelium are stained green and foreign bodies appear in a green 
ring. Loss of substance from the conjunctiva is indicated by a yellow 
coloration. 

Phenolsulfonphthalein, U.S.P., N.N.R. (Phenol Red), is a phthalein 
which may be looked upon as phenolphthalein in which a C=0 group 
has been replaced by an S0 2 group. It is prepared by heating saccharin 
with phenol in the presence of sulfuric acid. 


OH 



It is a red, crystalline powder which is relatively insoluble in most sol¬ 
vents, but it dissolves in alkali solutions with the formation of a red color. 
The color change may be explained by a tautomeric shift as in phenol¬ 
phthalein. 

Phenolsulfonphthalein is employed as a diagnostic agent to determine 
the functional activity of the kidney. The test is based on the fact 
that the monosodium salt of phenolsulfonphthalein injected intramuscu¬ 
larly or intravenously is excreted by the urine in a shorter time interval 
when the kidney function is normal than it is when deficient functional 
activity exists. The quantitative determination of the amount of 
phenolsulfonphthalein excreted in the urine makes possible the estima¬ 
tion of the degree of functional deficiency. 

ESTERS 

An ester is a compound in which the ionizable hydrogen of an acid is 
replaced by an organic radical. In a sense esters may be looked upon 
as the organic analogs of salts, e.g: 

CH*—COONa CH 3 —COOR 
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According to this broad definition, the alkyl chlorides are esters of hydrochloric acid. 
The alkyl halides have many characteristics in common with the esters, but, since 
they have additional properties which set them apart, they are usually classified 
separately. 

Preparation 

The structure of the esters is evident from their modes of formation: 

1. The reaction of an acid with an alcohol: 

R—COOH + R'OH --- R—COOR' + HOH 

This synthesis, catalyzed by hydrogen-ion, is an equilibrium. If, for example, 
equimolar portions of ethanol and acetic acid are employed, approximately two- 
tlirds of the theoretical ester is formed. The direction and the extent of the equilib¬ 
rium may be influenced by mass action, i.c., by employing one of the reagents in 
excess, or by removing one member of the equilibrium system. Thus, in the syn¬ 
thesis of esters the removal of the water as it is formed, either by distillation or by 
adding some drying salt, gives larger yields. 

2. The reaction of an alkyl halide with the salt of an acid: 

RX + R'—CO—ONa —> R'—CO—OR + NaX 

3. The reaction of an acid halide with an alcohol: 

ROH + R'—CO—Cl —> R'—CO—OR + HC1 

4. The reaction of an anhydride with an hydroxyl compound: 

ROH + (R'—C0) 2 0 —> R'CO—OR + R'COOH 

Properties 

The carboxyl compound that has been esterified assumes a neutral 
character and generally becomes insoluble in water. It may be hydro¬ 
lyzed by means of water to regenerate the carboxyl group and the alcohol 
as indicated in the equilibrium reaction. 

Esters of other acids also are neutral substances; thus diethyl sulfate, analogous 
to sodium sulfate, is neutral, but ethyl acid sulfate, analogous to sodium bisulfate, 
has one acidic hydrogen. 

ESTERS OF INORGANIC ACIDS 

In discussing esters, it will be necessary to include the esters of in¬ 
organic acids, for in them the acidic hydrogen atom may be replaced by 
an organic radical with the formation of compounds analogous in char¬ 
acter and properties to the esters of organic acids. 

The esters of hydrogen cyanide, with the general formula R—CN, like the alkyl 
halides, have properties that set them apart from the general class of esters, and hence 
they are taken up separately. (See Nitriles, page 434.) 
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1 /Jethyl and Ethyl Sulfate, Me£0« and Et 2 S0 4 , are widely used indus¬ 
trial chemicals. They are useful for the synthesis of physiologically 
active compounds, e.g., in the alkylation of phenols. The esters are 
very toxic. 

The sodium salts of the monoalkyl sulfates, with the general formula 
R0S0 2 0Na, where the alkyl group contains from 12 to 18 carbon 
atoms, have unusual detergent activity. They are employed as wetting 
agents. They are active in acid, alkaline, and “ hard ” waters. Com¬ 
pounds known under the trade names of Gardinol, Avirol, Dreft, 
Irium, etc., belong to this series. 

The sodium alkyl sulfates exhibit gastric mucigogic activity; this 
suggests that the compounds may prove useful in the treatment of 
ulcers. 1 


Esters of Nitric and Nitrous Acids 


The esters of nitric and nitrous acids have the same type action in the 
body. It is generally assumed that the nitrate esters act after being 
reduced to nitrites. The nitrites cause a prompt but transient fall of 
blood pressure through vasodilation. The nitrate esters act more 
slowly, but their effect is maintained for as long as 3 or 4 hr. 

Glyceryl Trinitrate (Nitroglycerin, Trinitrin, Glonoin) was discovered 
in 1847 by Sobrero who called it pyroglycerin. Its chemical composi¬ 
tion was determined by Williamson in 1854. 

Glyceryl trinitrate is manufactured by spraying glycerol into a well-agitated 
mixture of nitric and sulfuric acids while cooling the mixture to maintain the tempera¬ 
ture at about 20°. After all the glycerol has been added the mixture is cooled to 
15°, when the nitroglycerin separates as an oily layer on the surface of the acid. The 
reaction, although more complex, may be represented by the equation: 


CHjOH CHj—ONO* 

3HNOi I 

CHOH —CH-ONO, 

I I 

CHjOH CH*—ONO* 


The glyceryl trinitrate is separated, is washed repeatedly with water, dilute sodium 
carbonate solution, and then with water again, and is dried over anhydrous sodium 
sulfate. It is a colorless or pale yellow oil, readily soluble in water or alcohol and 
miscible with ether or chloroform. It explodes with great violence when heated to 
180° or on percussion. Consequently, if the spirit is spilled, it should be hydrolyzed 
at once with a solution of sodium or potassium hydroxide. 


It is employed in medicine usually in the form of the spirit N.F ., or 
tablets, U.S.P., as a vasodilator to reduce arterial tension in diseases 

1 Shay, Komarov, Siplet, and Fels, Science, 103, 50 (1946). 
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associated with aortic dysfunction. It has also been employed as a 
diuretic and it diminishes albuminuria. Its action is similar to that of 
amyl nitrite though slower and more prolonged. 

Erythrityl Tetranitrate and Mannitol Hexanitrate have physiological 
properties similar to those of glyceryl trinitrate. They are usually 
administered in the form of tablets, U.S.P. Their action is less marked 
but more prolonged than that of glyceryl trinitrate. 


CH 2 -0N0 2 

I 

(CH—0N0 2 ) 2 

I 

ch 2 —ono 2 

Erythrityl tetranitrate 


ch 2 —ono 2 

I 

(CH—0N0 2 ) 4 

I 

ch 2 —ono 2 

Mannitol hexanitrate 


All these esters of nitric acid are explosive. Glyceryl trinitrate, c.g., on de¬ 
tonating decomposes according to the equation: 


4CjH*(ONOj)i —► 6N* + 12CO, + O, + 10HOH 


From 1 mole of ester (approximately 165 cc.) there is obtained 7\ moles of decomposi¬ 
tion products which in the gaseous form at high temperatures exert a sudden tre¬ 
mendous pressure. The risk in handling the liquid glyceryl trinitrate, also known 
commonly as “ juice,” is decreased by mixing it with kieselguhr to form a product 
known as dynamite. The inventor of dynamite was Alfred Nobel, the man who 
endowed the Nobel Prizes. 

When cellulose reacts with nitric acid in the presence of sulfuric acid, the nature 
of the product depends on the degree of ester formation, i.e., the number of hydroxyl 
groups in cellulose which are esterified. Cellulose trinitrate, with three nitrate 
groups for each glucose fragment in cellulose, contains sufficient nitrogen to make the 
substance an explosive analogous to glyceryl trinitrate; the product is known as gun 
cotton. The lower nitrates of cellulose are used for various industrial purposes, e.g., 
in alcohol and ether solution they are known as collodion. They are used in making 
pyroxylin articles. Pyroxylin and camphor mixed in equal amounts by weight and 
fused form celluloid. Dissolved in other suitable solvents nitrocellulose may be used 
in lacquers, etc. 

Ethyl Nitrite is a gas at ordinary temperatures. It is used in a 4 per 
cent alcoholic solution and known in that form by the common name of 
Sweet Spirit of Nitre , N.F. 

Amyl Nitrite, U.S.P. (Isoamyl Nitrite), CsHnONO, is a pale yellow, 
volatile, flammable liquid having a characteristic ethereal odor and a 
pungent taste. It is very slightly soluble in water, but it is miscible 
with alcohol and with ether. 

Amyl nitrite is used as an antispasmodic in angina pectoris and as a 
depressomotor and vasodilator. It is employed as a restorative in 
cardiac failure during chloroform or nitrous oxide anesthesia. It is 
usually administered by inhalation or internally in hydroalcoholic solu- 
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tion. It is usually sold in “ pearls ” which are small, thin-walled, glass 
capsules that can be easily broken so that the vapors may be inhaled. 

Mannitol Hexanitrate (Maxitate) has recently been introduced as an 
agent to give prolonged vasodilatation. 

Esters of Phosphoric Acid 

The esters of phosphoric acid are extremely important in biological 
processes. In phospholipids two hydroxyls of phosphoric acid are 
esterified, one with glycerol and the other with an amino alcohol, e.g.: 


ch 2 oco—r 

CH 2 —0—CO—R 

1 

CH—O—CO—R 

1 

CH—O-J-CO—R 

0 

0 

II 

II 

CH 2 —0—P—OH 

CH 2 —0—P—OH 


0-CH 2 CH 2 NMej 0-CH 2 CH 2 NH 2 

I 

OH 


a-Lecithin 

Cephalin 


CHr-0—COR 

CHi—0—CO—R 

• 

1 

OH 


CH—0—CO—R 

/ 


0 

CH—0—P-0—( 

2H 2 CH 2 NMej 

II 

S 

1 

CHz—0—P—OH 

0 

OH 

1 

CHj—0—CO—R 


0—C 17 H32(OH)NH 2 



Sphingomyelin 

0 - Lecithin 



Hydrolysis of the lecithins yields one molecule of glycerol, two molecules 
of fatty acid, one molecule of phosphoric acid, and one molecule of 
choline. Cephalin is an analogous compound, but instead of choline it 
forms ethanolamine on hydrolysis. The amino alcohol in sphingomyelin 
is sphingosin, a dihydroxyamine. A compound analogous to the 
phospholipids is also present in plants as the calcium salt, the metal 
taking the place of the alkanolamine; these compounds are salts of 
phosphatidic acid. Phosphoric acid is an important component of the 
nucleic acids. 

The phosphoric ester of riboflavin coupled with a specific protein 
is known as yellow enzyme. The diphosphoric ester of thiamin (vitamin 
Bi) is a heat-stable coenzyme known as cocarboxylase. In the phos- 
phoproteins, of which casein is a good example, the phosphorus is present 
as an ester of phosphoric acid. 
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It was assumed that lecithin splits into glycerophosphates in the 
intestine and that the administration of the cheaper synthetic glycero¬ 
phosphates, such as the calcium salts, might accomplish the same 
results. It has been shown that the glycerophosphates are not well 
metabolized, and there is little evidence to justify their use. If glycerol 
is heated with phosphoric acid, it is possible on prolonged heating to 
obtain the glyceryl orthophosphate. Shorter periods of heating produce 
less loss of water. 

CH 2 OH CH 2 —O 

I —IHflH I ^ 

CHOH +H 3 P0 4 —CH—O—P=0 

I I / 

ch 2 oh ch 2 —o 

Glyceryl orthophosphate 

The hcxaphosphoric ester of inositol is known as phytin or phytic acid (not to be 
confused with a derivative of phytane). It occurs in all plant seeds and undoubtedly 
supplies the phosphoric acid needs of the sprouting plant. It is hydrolyzed by the 
enzyme phytasc.- At pH of 3 to 4 phytic acid forms an insoluble calcium salt. 
Hence, many cereals that do not contain phytase may, unless the acid is hydrolyzed 
in cooking or digestion, prove rachitogenic by virtue of the fact that much of the 
normal calcium is precipitated and is no longer biologically available. 1 

Tetraethyl Pyrophosphate 2 (TEP) and Hexaethyl Tetraphosphate 3 
are newly developed insecticides, useful for the control of pests not 
affected by DDT. Laboratory tests show that they are active against 
aphids and mites. Bladan, a mixture of 60 per cent hexaethyl tetra¬ 
phosphate, 20 per cent toluene, and 20 per cent emulsifier, is useful for 
the control of aphis on cabbage . 4 * 

Tri-o-tolyl Phosphate (o-CH,—C*H«—0)*PO, commercially used as a plasticizer, 
once was used as an adulterant in fluid extract of ginger, being found present to the 
extent of 2 per cent. Numerous humans, in almost epidemic proportions, were 
poisoned by it in 1930. A follow-up study of 35 cases 1 in Kentucky, where ginger 
paralysis occurred in 1930 from the adulterated jamaica-ginger extract, was continued 
over a period of 4 to 6 years. The symptoms originally appeared in 4 to 35 days 
after the ingestion of 1 to 20 oz. of the extract. By 1937, only three had recovered 
sufficiently to walk without support, and four were unable to stand or walk. Apiole 
preparations, responsible for an outbreak of polyneuritis, were found to contain 28 
to 50 per cent of tri-o-tolyl phosphate as an adulterant. 6 Because it has an oily, 
colorless appearance and is practically tasteless, it has been used through ignorance 

1 Mtf.llgaa.rd, Lorenzen, Hansen, and Christensen, Biochem. J., 40, 589 (1946). 

2 Science, 105, 281 (1947). 

3 Chem. Eng. News, 24, 1954 (1946). 

4 Bronson and Hall, Agr. Chemicals, 1, 19 (1946); C.A., 41, 2692 (1947). 

6 Weber, Med. Bull. Veterans' Admin., 13, 228 (1937); C.A., 31, 2287 (1937). 

8 C.A. f 26, 4380 (1932); 27, 4590 (1933). 
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as an edible oil 1 or as an adulterant in cooking oils. Such unfortunate use caused 
symptoms of polyneuritis or of symmetrical paralysis and paresthesia of the feet. 2 

The physiological effects of the dialkyl fluorophosphates were first 
reported by Lang and Krueger. 3 Of the homologous esters it was 
found that diisopropyl fluorophosphate (DFP), (Me 2 CHO) 2 POF, 
b.p. 180°, possesses maximum activity in inhibiting irreversibly the 
activity of cholinesterase. 4 All its pharmacological properties are 
attributed to this fact. It has been found of value in the treatment of 
glaucoma, 6 and it is effective, though inferior to neostigmine, in 
myasthenia gravis. 8 - 7 

ESTERS OF ALIPHATIC ACIDS 

The esters of the aliphatic acids comprise a very large group of com¬ 
pounds, which, with few exceptions, are unimportant as medicinal agents. 
Administered internally, they give some of the activity of the component 
parts of the respective esters but only to a slight degree since they are 
slowly hydrolyzed. 

The esters of the organic acids are generally insoluble in water, soluble 
in ether, benzene, petroleum hydrocarbons, chloroform, etc. The lower, 
volatile members of the series have a pleasant odor and often are present 
in the natural fruit essences, as reference to Table 33 will show. 

Esterification of the carboxyl group yields odoriferous compounds 
that are extensively used in perfumery and in the preparation of artifi¬ 
cial flavors, e.g., ethyl formate (essence of rum), isoamyl acetate (pear 
oil), ethyl butyrate (pineapple oil), isoamyl isovalerate (apple oil), and 
a mixture of ethyl butyrate and amyl acetate (banana oil). Many other 
artificial essences are prepared by blending esters together and with 
other aromatic compounds such as aldehydes and ketones. 

Acetic acid esters occur very extensively in nature. Plants appar¬ 
ently utilize this acid to detoxify many substances such as alcohols and 
phenols. Reference to the constituents of the volatile oils indicates in 
part the occurrence of acetic acid in such combinations. 

The esters of the aliphatic acids with most of the hydroxyl compounds 
are considered under the respective hydroxyl compounds because they 

1 Carrot, Griffon, and Charlin, Chimie et Industrie, 54, 414 (1945); C.A., 40, 6677 
(1946). 

2 Van der Borgh and Tolsma, Nederland. Tijdschr. Geneeshunde, 90, 140 (1946); 
C.A., 40, 2930 (1946). 

'Ber., 65, 1598 (1932). 

4 McCombie and Saunders, Nature, 157, 287 (1946). 

•Leopold and Comree, Arch. Ophth., 36, 1 (1946). 

• Comree et al, Am. J. Med. Sci., 212, 641 (1946). 

7 Godley, Bull. Am. Hosp. Pharm., 4, 4 (1947). 
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TABLE 33 


Some Esters 


Formula 

Name 

Boiling 
Point or 
Melting 
Point 
°C. 

Comments 

HCOOMe 

Methyl formate 

31.8 

Probably does not oc¬ 
cur naturally. It is 
quite toxic. 

HCOOEt 

Ethyl formate 

54.3 

Used in artificial rum 
or arak. 

CHjCOOEt 

Ethyl acetate 

77.1 

Used as industrial sol¬ 
vent. 

CH«CHiCHiCOOEt 

Ethyl butyrate 

121.3 

Constituent in pine¬ 
apples. 

CH iCOOCH »CH «CH Me* 

Isoamyl acetate 

142.5 

Found in pear oil. As 
synthetic banana oil 
it is used as solvent 
for gun cotton and in 
bronzing liquid. 

Me a CHCHjCO 

1 

Isoamyl isovalcr- 
ate 

194 

Found in apples. 

OCHjCHjCHMci 




CH *CH jCH aCOO (CH ,) 4 CH . 

Amyl butyrate 

184.8 

Apricotlike odor. 

CH aCOO (CH a)?CI I a 

Octyl acetate 

— 

Found in oranges. 

MeaCHCH,0 

[sobutyl 

— 

Occurs in orchid per¬ 

1 

salicylate 


fume. 

OC—CeHr-OH-o 




MeaCHCHaCIIaO 

Isoamyl salicyl¬ 

273 

Occurs in orchid per¬ 

1 

ate 


fume. 

OG—C*H 4 —OH 




MeO—OC—C*H«—OH-o 

Methyl salicyl¬ 
ate 

223.3 

Oil of wintergreen. 

MeOOC—CeH«—NHrO 

Methyl anthra- 
nilate 

135u 

Occurs naturally in oil 
of neroli and in jas¬ 
mine flowers. Used 
as grape odor; 

M e (CH a) uCOO (CH a) uMe 

Cetyl palmitate 

ra.p.54 

Chief constituent of 
spermaceti. 

Me(CHa)i«COO(CHa)a»Me 

Myricyl 

palmitate 

m.p.72 

Chief constituent of 
beeswax. 

Me(CHa) 24 COO(CHa)»Me 

Myricyl cerotate 


Chief constituent of 
camauba wax, Chi¬ 
nese waxes, etc. 
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are closely related in physiological activities to the alcohols from which 
the esters are derived. In general, it may be said that an aliphatic acid 
combined with an active alcohol or phenol detoxifies the hydroxyl 
compound by decreasing the concentration of active component present 
at any one time through gradual hydrolysis of the ester. If the ester 
is sufficiently stable, the hydroxyl compound may be completely 
inactivated. 

Many esters of the higher straight-chain normal alcohols with the 
longer straight-chain aliphatic acids occur in the natural waxes and are 
of commercial importance. These waxes, whose chief function in the 
plant seems to be to provide protection either against penetration of 
water (e.g., as in the leaves of the evergreen and in the skin of fruits 
such as the plum or grape) or against loss of water by evaporation 
in hot dry climates, and perhaps against fungal invasion, on hydrolysis 
form monohydric alcohols and monobasic carboxylic acids. The 
acids which are found in waxes include palmitic (n-Ci&H 3 iCOOH), 
cerotic (n-C^HuCOOH), melissic (n-C 22 H M COOH); and among the 
alcohols are found cetyl (n-CuH 33 OH), ceryl (n-C 2 «H 63 OH), and 
melissyl or myricyl (n-C 30 H ei OH). 

White Wax and Yellow Wax, U.S.P. (Beeswax), consist mostly of a 
mixture of the esters of primary alcohols containing from 24 to 34 
carbon atom chains esterified with fatty acids containing from 24 to 34 
carbon atom chains together with paraffin hydrocarbons containing 
25 to 33 carbon atom chains, some free acids, and alcohols. The natural 
wax is yellow, m.p. about 65°; when bleached, it yields white beeswax. 
It is used as a protective in the form of cerates, which may be medicated, 
and to raise the melting point of ointments and various cosmetic 
products. 

Spermaceti, U.S.P., is obtained from the head of the sperm whale, 
m.p. about 42-50°, and it is almost pure cetyl palmitate. It is used 
to raise the melting point of pharmaceutical and cosmetic products 
such as ointments and creams. 

Glycerides. The tri-esters of glycerol, having the general formula 

CH 2 —O—CO—R CH 2 —0—CO—Ci7H 3 6 

I I 

CH—O—CO—R' CH—0—CO—Ci 6 H S i 

I I 

CH 2 —O—CO—R" ch 2 —O—CO—c 3 h 7 

in which all the acyl groups may be identical or different, form the im« 
portant class of compounds known as fats or fixed oils (see page 274). 

Glyceryl Triacetate, U.S.P. (Triacetin), is employed as a solvent for 
chloroazodin. 
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Many derivatives of polyhydric alcohols have been introduced com¬ 
mercially for use as hydrophilic ointment bases, emulsifying agents, 
dispersing agents, wetting agents, detergents, etc. They are employed 
extensively in pharmaceutical, cosmetic, insecticide, and other industries 
to alter the stability, miscibility, spreadability, consistency, penetration, 
etc., of products. Many of the commercial products are not pure com¬ 
pounds but consist of mixtures. Some typical compounds are: diethyl¬ 
ene glycol monolaurate, propylene glycol stearate, glyceryl monostea¬ 
rate, and mannitol oleate. 

IODIZED FATTY ESTERS 

Iodized Oil, U.S.P. (Lipiodol), is an iodized poppy-seed oil containing 
about 40 per cent iodine. It is used as a substitute for the inorganic 
iodides and as a contrast medium in roentgenography and is adminis¬ 
tered in tablets or by injection. 

Lipiodol Radiologique Ascendant, N.N.R., is an iodized poppy-seed 
oil containing about 10.5 per cent iodine. It is a yellow oily liquid, 
insoluble in water, which decomposes on exposure to light and air. It 
is administered by injection as a contrast medium in roentgenography. 

Ethyl Iodobrassidate, N.N.R. (Lipoiodine), C 2 iH39l 2 COOC 2 H6, is 
the diiodo derivative of ethyl brassidate. It is used in the form of tab¬ 
lets as a substitute for the inorganic iodides. It is used also in solution 
in sesame oil as a contrast medium in roentgenography. 

Riodine, N.N.R., is a solution of an iodine addition product of castor 
oil in oil, containing about 17 per cent iodine. It is made by treating 
castor oil with HI. It is used in the form of pearls (small pills) as a 
substitute for the inorganic iodides. 

Stearodine (Calcium Iodostearate), (CH 3 (CH 2 )7CHI(CH 2 )8COO) 2 Ca, 
contains about 27 per cent iodine. It is used as a substitute for the 
inorganic iodides and is administered in the form of tablets. 


ESTERS OF CYCLIC ACIDS 

Chaulmoogric acid and hydnocarpic acid were shown by Power to be 
the chief constituents of the fatty oil obtained from the seeds of various 
trees of the Taraktogenos and Hydnocarpus genus. The oil from these 
seeds had been used since antiquity in India against leprosy. Pro¬ 
longed treatment of patients with the impure oil, administered by 
mouth, could not be carried out because of its irritant action. Efforts 
to overcome this irritant action resulted in the preparation and general 
use of ethyl chaulmoograte and ethyl hydnocarpate prepared from the 
respective purified acids. The product most generally used is a mixture 
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of the ethyl esters of the acids obtained from chaulmoogra oil, e.g., 
Ethyl Chaulmoograte , U.S.P. 

Ethyl Chaulmoograte, N.F., is a clear, pale-yellow liquid, insoluble in 
water but soluble in alcohol, chloroform, and ether. It is composed 
of compounds such as, 

CH=CH CH=CH 

^CH—(CHi)i,—COOCjHs | ^)CH—(CH 2 ) 10 —COOC s H 6 

CHj—CH, CHs—CHs 

Ethyl chaulmoograte Ethyl hydnocarpate 

The esters are usually administered alone or admixed with cod liver 
oil or other medicaments. They are often given by mouth and by 
intramuscular injection. 

Numerous other compounds closely related to the unsaturatcd acids 
found in chaulmoogra oil have been studied. These have not proved 
superior to the natural fatty acids as agents for the treatment of leprosy. 

Pyrethrins are constituents that occur in Dalmatian insect flowers, 
Chrysanthemum cincrariaefolium. Staudinger and Ruzicka 1 isolated 
two active products to which they assigned the structures: 


CTI 3 



Pyrutbrln I 


CH 3 

\x‘n ! ch 3 ch 3 

CHa—CH-C=CH—CH 2 -Y Y 0 x Y u CH 3 

o-l-o-c-c— c-ch=cV c-ch 3 

H H Vo 

Pyrethrin II 

ESTERS OF DICARBOXYLIC ACIDS 

Benzyl Succinate, the dibenzyl ester of succinic acid, is an almost 
tasteless, crystalline powder, stable in air, insoluble in water but soluble 

'Hclv. Chim. Ada, 7, 177, 201, 212, 236, 246, 377, 406, 448 (1924). 



257 


ESTERS OF AROMATIC ACIDS 

in alcohol, ether, chloroform, and fixed oils. It is reported to be a non- 
toxic, nonhabit-forming antispasmodic. It lowers the l ° nus 
muscle. It is used to treat dysmenorrhea, intestinal colic, nvup» 
toris, renal and biliary colic, asthma, and other disturbances caused by 
spasm. It is usually administered in the form of tablets. 

Benzyl Fumarate, the dibenzyl ester of fumanc acid is an almost 
tasteless solid. Its properties and uses are similar to those of benzyl 
succinate. It is usually administered in the form of tablets. 


CH 2 CO—OCH 2 —CeH 6 

I 

CH 2 CO—OCH 2 —CeHs 

Benzyl succinate 


CH—CO—OCH 2 —C«H 6 


H 6 Ct—CHjO—OC—CH 

Benzyl fumarate 


ESTERS OF AROMATIC ACIDS 

Esters formed between the carboxyl group of aromatic acids and 
phenols yield products in which the toxicity of the component parts of 
the ester are greatly reduced. High hopes that such products would be 
almost perfect intestinal antiseptics were held after Nencki 1 introduced 
phenyl salicylate and enunciated what became known as “ Nencki’s 
salol principle.” This principle, simply stated, is that an insoluble, 
relatively stable ester like phenyl salicylate passes through the stomach 
unchanged but is gradually hydrolyzed in the intestine by the action of 
alkali, enzymes, and bacteria into its active parts, namely, salicylic acid 
and phenol. The taste and gastric irritation caused by salicylic acid 
and phenol are avoided, and, since the decomposition is gradual, the local 
action in the intestines is less intense and more prolonged so that the 
toxicity is decreased. The principle was extended later to include 
compounds of the classes: 

1 . Full salols: Compounds made up of an active acid and an active phenol, 

e.g., phenyl salicylate, d-naphthol benzoate, and guaiacol benzoate. 

2. Partial salols: 

(а) Compounds containing an active phenol and an inactive acid, e.g., 
guaiacol carbonate, thymol carbonate, and creosote carbonate. 

(б) Compounds containing an active acid and an inactive alcohol, e.g., 
methyl salicylate. 

Unfortunately, the theories of Nencki were not fully substantiated by clinical 
results with the so-called salols. The number of compounds of this type introduced 
and used at one time or another has declined partly because they are not so effective 
as originally believed and partly because other products have been developed that are 
more effective. 

1 Arch, exptl. Path. Pharmakol., 20, 396 (1886); 36, 400 (1895). 
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Benzyl Benzoate, U.S.P., is a colorless liquid with an aromatic odor 
and a burning taste, insoluble in water, soluble in alcohol and most 
organic solvents. It is mildly anesthetic and is sometimes incorporated 
into ointments or dissolved in oil for the treatment of skin diseases. 
It has been used as an antispasmodic but is said to be inefficient. Dur¬ 
ing the war benzyl benzoate was employed in the tropics as an effective 
“ miticide,” a poison against the mites which abound in warm climates. 

Guaiacol Benzoate (Benzosol) is a colorless, practically tasteless 
powder, insoluble in water but soluble in most organic solvents. It is 
prepared by condensing guaiacol with benzoyl chloride. It is used as 
an antiseptic expectorant, as an intestinal antiseptic in diarrhea, and to 
relieve cough in pulmonary tuberculosis. It is usually administered as 
the powder in capsules. 

Betanaphthol Benzoate (Benzonaphthol) consists of colorless, tasteless 
crystals, m.p. 107-110°, insoluble in water but soluble in most organic 
solvents. It is used as an intestinal antiseptic in diarrhea and dysentery 
and as a vermifuge. Externally, it is used in 3 to 10 per cent ointments 
as a parasiticide in the treatment of alopecia, scabies, eczema, etc. 

Dimethyl Phthalate, C«H 4 (COOCH 3 )t, is an effective repellent, is 
best for Anopheles qnadrimaculatus, and was much used by the Army in 
World War II.* 


CARBONIC ACID ESTERS 

Carbonic acid esters of the phenols have been extensively used. 
Whereas the phenols are irritant, toxic, and unpleasant-tasting com¬ 
pounds, the carbonic acid esters are insoluble and nonirritant. When 
administered, they are hydrolyzed and gradually liberate the phenol in 
the intestinal tract. Since the concentration of the phenolic substance 
is not great at any one time and is distributed throughout the intestine, 
the irritant and toxic effects are almost entirely eliminated. 

The carbonic acid esters of phenols are prepared by several methods: 

1. By passing phosgene into the phenol dissolved in benzene and heating the 
mixture under pressure at 150°. 

2. By passing phosgene into equivalent quantities of the phenol and alkali 
until the reaction mixture is neutral: 

2ArONa + COCl 2 —► (ArO) 2 CO + 2NaCl 

3. By the reaction of the phenol and an equivalent amount of alkali with a 
chloroformate ester: 

AiONa + ROCOC1 —► ROCOOAr + NaCl 

1 Travis, Morton, and Cochran, J. Econ. Entomol. , 39, 627 (1946). 
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The carbonic acid esters are insoluble in water but soluble in alcohol 
and ether. They are usually administered as the powder in capsules or 
tablets and have the same uses as the phenols from which they are 
derived. Compounds of this type include Guaiacol Carbonate, N.F ., 
and Creosote Carbonate, N.F. 


SALICYLIC ACID AND ITS ESTERS 

Salicylic acid and closely related compounds present a simple illustra¬ 
tion of the obscure relationships that exist between chemical constitu¬ 
tion and physiological activity. Phenol is practically inactive, and ben¬ 
zoic acid has been shown to be somewhat effective in the treatment of 
acute joint rheumatism, but less effective than salicylic acid, whereas 
phthalic and cinnamic acids are completely ineffective. 



The activity of salicylic acid as an antirheumatic is completely lacking 
in the m- and p- derivatives. 



Salioylio acid, 
O-Hydroxybonzoio acid 


m-Hydroxybeoxoio acid 


p-Hydroxybanzoio acid 


Methylparaben, U.S.P. (Methyl p-Hydroxybenzoate, Tegosept M, 
Methyl Parasept), p-HO—C 6 H 4 COOCH 3 , is a slightly soluble, crystal¬ 
line powder used as a preservative in pharmaceutical preparations. 
The esters of p-hydroxybenzoic acid are highly active against molds. 
The activity increases and the solubility decreases with increase in the 
alkyl group from methyl to butyl. Concentrations of 0.05 to 0.5 per 
cent are used, e.g., in Hydrophilic Ointment, U.S.P. 

Propylparaben, U.S.P. (Propyl p-Hydroxybenzoate, Tegosept P, 
Propyl Parasept), p-HO—CeH 4 — COOC 3 H 7 , is used as a preservative. 
The higher homologs of salicylic acid, such as, 
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CH 3 

o-Creaotinio acid m-Creaotinio acid p-Creaotinio acid 


of which the p - compound is the most effective, are somewhat less active 
than salicylic acid in the treatment of acute joint rheumatism. It ap¬ 
pears that the hydroxyl and carboxyl groups in ortho position are 
essential to obtain maximum activity. 

The value of numerous derivatives of salicylic acid, e.g., acetylsalicylic 
acid, methyl salicylate, and diplosal, which behave qualitatively like 
salicylic acid in acute joint rheumatism, depends partly on the salicylic 
acid liberated from them and partly on their lipoid solubilities and also 
on other unknown factors. 

Salicylic acid and many compounds derived from it produce marked antipyretic 
and analgesic effects and give relief in rheumatic fever and rheumatic tonsilitis. The 
different compounds are qualitatively alike but quantitatively different in action. 
The gastric irritation and unpleasant taste of salicylic acid and its simple salts led to 
the introduction of less soluble compounds, e.g., esters. It was believed that these 
compounds would pass through the stomach unchanged, and thus avoid the nausea 
caused by salicylic acid. It was found that they do pass through the stomach largely 
unchanged, but the nausea, probably of central origin, remained. The alkyl esters, 
e.g., methyl salicylate, are absorbed better through the skin and have advantages for 
external use. The acyl esters, e.g., acetylsalicylic acid, arc more strongly antipyretic 
and analgesic. The phenyl esters are antiseptic. 

The opinion that the synthetic salicylates, owing to the presence of impurities, are 
more toxic and less effective than salicylates from natural sources, i.e., from oil of 
wintergreen, has been shown to be untenable. 1 

Replacement of the hydrogen of the hydroxyl group in salicylic acid 
by acyl radicals yields compounds that are less soluble in water, have 
a less objectionable taste, and a stronger antipyretic and analgesic 
action than the salicylate salts. Salicylic acid and other antiseptics 
act by displacing pantothenic acid from the protein molecule. 2 

Acetylsalicylic Acid, U.S.P., N.N.R. (Aspirin), was synthesized by 
Gerhardt many years before it was introduced into therapy by Dreser 
in 1899. It is prepared by the acetylation of salicylic acid with acetyl 
chloride in the presence of pyridine or with acetic anhydride. Since 
the latter method is less expensive, it is the one generally employed 
industrially. In this process, salicylic acid is heated at 150-160° with 
an excess of acetic anhydride for 3 hr. and then the excess of acetic 
anhydride and the acetic acid formed in the reaction are distilled off 

l J. Am. Med. Assoc ., 61, 979 (1913). 

1 Iv&novics, Naturwissenschaften, 30, 104 (1942); C.A., 37, 227 (1943). 
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in vacuo , and the residue is recrystallized from benzene or other solvent. 
The reaction can be carried out at lower temperatures if a promoter 
such as sulfuric acid is added. 


C£ 


OOH 


+ >0 — 
CH 3 —C=0 



Salicylic aoid Aoctio anhydride 

It is a white, crystalline solid. The melting point of acetylsalicylic 
acid is influenced by the method of heating the melting-point bath. 
The official product should melt at 135° or above when the determina¬ 
tion is made in a bath previously heated to 130°. It is soluble about 


1:300 in water and 1 :5 in alcohol. 

Acetylsalicylic acid is stable in dry air, but, in the presence of mois¬ 
ture, it gradually hydrolyzes into salicylic and acetic acids. It is 
soluble with decomposition in alkali hydroxides and carbonates. 

Acetylsalicylic acid, generally sold under the name Aspirin , is prob¬ 
ably the most extensively used analgesic and antipyretic at the present 
time. It is used as such in the form of tablets, as a powder usually 
enclosed in capsules, and in admixture with other substances in many 
pharmaceutical preparations for the treatment of colds, influenza, and 
other fevers, and of headache, neuralgia, and other pains. 

Soluble Aspirin is the calcium salt of acetylsalicylic acid, (CH 3 COO- 
CeH 4 COO)aCa. It is prepared by treating acetylsalicylic acid in 
alcohol or acetone solution with calcium methoxide or calcium ethoxide. 
It is a white, crystalline powder, soluble 1:5 in water. 

Novaspirin (Salicitrin, Methylene-eitrylsalicylic Acid) is the disalicylic 
acid ester of anhydromethylene citric acid. It is prepared by condens¬ 
ing the dichloride of anhydromethylenecitric acid with salicylic acid. 

It is a white, crystalline powder, m.p. 153-154°, practically insoluble 
in water but soluble in alcohol. Novaspirin is used as an analgesic and 
antipyretic and is similar to acetylsalicylic acid in action. 


CH 2 —COO— 


|/0-ch 5 

\:oo 




COOH 


COOH 



CH 2 —COO—^ 

Novaspirin 
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Diaspirin, made by condensing succinyl chloride with salicylic acid, 
and Salisal, N.N.R., prepared by condensing two molecules of salicylic 
acid by means of an agent such as thionyl chloride, are of interest. 

Compounds formed by the replacement of the hydrogen in the car¬ 
boxyl group of salicylic acid are more readily absorbed from the skin 
and are better for external use than the salicylic acid. 

Ccr*- 

Methyl salicylate 

Bromoaspirin (2-Acetoxy-5-bromobenzoic Acid) is reported to have 
greater analgesic potency than aspirin, with no increase in the chronic 
toxicity. 1 

Methyl Salicylate, U.S.P. (Oil of Gaultheria, Oil of Wintergreen, Oil 
of Betula, Oil of Sweet Birch), C 6 H 4 (OH)COOCH 3 , occurs in oil of 
wintergreen from Gaultheria procumbens and oil of sweet birch from Betula 
lenta. It is also made synthetically by esterifying salicylic acid with 
methanol in the presence of sulfuric acid. It is a liquid, b.p. 219-224°, 
slightly soluble in water and readily soluble in alcohol. The synthetic 
methyl salicylate and that from Betula are optically inactive, but that 
from Gaultheria is slightly levorotatory. 

Methyl salicylate has been used internally for the treatment of 
rheumatism, gout, pleurisy, neuralgia, etc. It is about two-thirds as 
toxic as sodium salicylate, and the effects are often delayed. Possibly 
the slow action is caused by irregular absorption. It is used externally 
for the most part as a counterirritant, usually in solution in fatty oils 
or in the form of a liniment. It is also used as a flavor in many pharma¬ 
ceutical preparations and as a perfume, e.g., in insecticides. 

Ethyl Salicylate, N.N.R. (Sal Ethyl), C6H 4 (OH)COOC 2 H B , is the 
ethyl ester analogous to methyl salicylate. It is a liquid, b.p. 230-232°, 
insoluble in water but soluble in alcohol. It has the same uses as 
methyl salicylate but is reported to be less toxic and less irritant. 

Spirosal (Monoglycol Salicylate, Glysal), C 6 H 4 (OH)COOCH 2 CH 2 OH, 
is the salicylic acid ester of glycol. It is an oily liquid, distilling at 
169-170° at 12 mm., slightly soluble in water, but readily soluble in 
fixed oils. Spirosal is used for the same purposes as methyl salicylate 
but is said to cause less local irritation when applied with friction. 

Mesotan (Salmester, Methyloxymethyl Salicylate) is prepared by 
treating sodium salicylate with monochlorodimethyl ether and main¬ 
taining the temperature at 40°. 

1 Krantz and Farson, Anesthesia and Analgesia, 25, 221 (1946). 


OH COOH 



Salisal 
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HOC 6 H 4 COONa + C1CH 2 0CH 3 —> HOCeH 4 COOCH 2 OCH 3 + NaCl 

Sodium salicylate Mesotan 

It is an oily liquid, b.p. 153° at 15 mm., slightly soluble in water, but 

readily soluble in alcohol and fixed oils. . 

Mesotan is used externally like methyl salicylate as a counterirritant 
to relieve pain and swelling, especially in rheumatic conditions. It is 
not an efficient agent for the production of the systemic action of the 

salicylates. , r 

Sal Ethyl Carbonate, N.N.R., is the carbonic acid ester of ethyl sali¬ 
cylate, (C 6 H 4 (C00C 2 H*)0) 2 C0. It is a white, crystalline solid, m.p. 
96-99°, insoluble in water and slightly soluble in alcohol. 

It possesses the antipyretic and analgesic action of the salicylates. 
Being insoluble, it does not have the disagreeable taste and does not 
cause gastric irritation like the soluble salicylates. It is administered 
in tablets alone, or, when rapid analgesic or antipyretic effects are 
desired, in combination with amidopyrine. 

Santalyl Salicylate, N.N.R. (Santyl), is a yellow oil, insoluble in water 
and in gastric juice. It is reported to be nonirritant in the stomach 
and to liberate santalol and salicylic acid in the intestines. It is used 
as a sedative and analgesic in urinary affections such as gonorrheal 
urethritis, cystitis, etc. 




Phenyl Salicylate, N.F. (Salol), is a white, crystalline powder with 
a slightly aromatic odor and a characteristic taste, m.p. 42°, insoluble 
in water (about 1:6700) and soluble in most organic solvents. It can 
be prepared in various ways: 

1. By heating salicylic acid at 230°, when C0 2 is eliminated from one molecule 
of acid and the resulting phenol condenses with the remaining salicylic acid. 

2. By heating equimolar quantities of salicylic acid and phenol with phos¬ 
phorus oxychloride, 

HOC 6 H 4 COOH + C 6 H 6 OH -^HOCeH.COOCsHs 

Salicylic acid Phenol Phenyl salicylate 

3. By condensing the sodium salt of salicylic acid and sodium phenoxide with 
carbonyl chloride and steam-distilling the reaction product, 

HOC 6 H 4 COONa + C<>H 5 ONa + COCl 2 —> HOC 6 H 4 COOC 6 Hb 

Sodium salicylate Phenyl salicylate 
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The last two methods are generally applicable for the preparation of 
a large number of phenolic esters of salicylic acid. 

Phenyl salicylate is excreted often unchanged in the feces. Its de¬ 
composition in the intestines is so slow and incomplete and the ab¬ 
sorption of the phenol liberated is so rapid that effective germicidal 
concentrations are not established. It is used in diarrhea caused by 
intestinal fermentation, but it is doubtful in action because of varia¬ 
bility in its degree of hydrolysis. It has proved of value as an enteric 
coating for pills; i.e., pills that are intended to pass through the stomach 
unchanged and liberate their ingredients in the intestine. It is usually 
administered as the powder in capsules or cachets. Compressed tablets 
and pills of it do not disintegrate readily. 


ETHYL ACETOACETATE AND ETHYL MALONATE 

Ethyl acetoacetate and ethyl malonate are two versatile reagents 
familiar to all organic chemists. They are useful in synthesizing many 
products of pharmaceutical and medicinal interest. Their utility only 
is summarized here. 

Acetoacetic ester syntheses: 

. a. CHjCOCHJt 

CHjCOCH,COOEt -^* 0 r X > CH.COCHRCOOEt '"w" 0 

RCH,COOEt 

NaOEt 
then R'X 



1 


CH,COCHRR' 

w 

CH.COCRR'COOEt: 




RR'CHCOOH 

Malonic ester syntheses: 





R .PfPOfSFfL _ 

HOH . 

r pHpnnn 

XViV/\^/vV/DWl 

-CO, 9 

xvjonouun 

CH,(COOEt)i Cj**” 

RCH(COOEt), C 

—* 

x» 

RCH.COOH 




RR'C(COOEt): 


BOH 

-CO, 


RR'CHCOOH 


The ethyl dialkylmalonates are useful, for example, in the synthesis of 
dialkylbarbituric acids. 
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Phenyl halides may not be employed in the above reactions. The 
diethyl ester of phenylmalonic acid, the intermediate for the synthesis 
of phenobarbital, is prepared according to the following procedures: 

C6H 5 —CH2—COOC2H5 + COOC2H5—► 

COOCiHe 

Ethyl pheoylacetato Etby loxalat* 

C 6 H 5 —CH-COOC 2 H 6 _ ro 

I —i- c*h 5 -ch(cooc 2 h s )2 

co-cooCjHs Heat 

Diethyl oxalophenylacetat® Diethyl phenylmalonata 

Malonic acid is unstable, a statement that is also true for its un- 
esterified derivatives. They readily lose carbon dioxide, forming the 
substituted acetic acid. 


LACTONES 

Intramolecular esters, compounds that have formed an ester with 
an alcoholic hydroxyl belonging to the same molecule, are known as 
lactones. In compounds where the hydroxyl group is in the y- or the 
6-position with respect to the carboxyl group, these two functional 
groups are in such position that they will readily react with each other 
to form an inner ester. 

CHi-CH, 

I I 

R-CH C =0 

I I 

OH OH 


CH 2 -CH 2 

-HOH 

—► R—CH 0=0 

\ / 

0 

7-Lactone 


CH 2 —CH—OH 


R R 

I I 

CH2—CH 

ch/ X o 

\ \ / 

CH,—CO-OH CH,—CO 

Lac tone 


The lactones, it will be observed, are stable five- or six-membered hetero¬ 
cycles. They show many of the properties of the esters. 

y-Lactones derived from the higher acids, including y-hepta-, 
y-nono-, and y-undecalactones, have pleasant odors and are used in 
the perfume industry. 
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The lactone portion of the cardiac glycosides (page 186 et seq.) is 
the 7 -lactone of the enol form of a 7 -aldehyde-acid: 

H 

I 

^ r* n _ /"*tt “1 



ch 2 

I 

0=0 


c 

/I I 

H OH OH 

Theoretic*! enol 


I I 

HC 0=0 

II I 

O OH 

T* Aldehyde-* cid 


Hydrolysis of this lactone yields the theoretical enol, which readily 
shifts to the more stable 7 -aldehyde-acid; reconversion of the acid into 
a lactone is possible, but it involves one of the hydroxyl groups in the 
polycyclic nucleus of the aglycon and does not regenerate the original 
lactone necessary for cardiac activity. 
a-Methylenebutyrolactone, CH 2 CH 2 C=CH 2 , a skin irritant, is ob- 

I I 

O-CO 

tained by the hydrolysis of aqueous extracts of Erythronium ameri- 
canum , Adder’s Tongue; the extract, probably a lactonic glycoside 
of the structure CH 2 CH 2 CHCH 2 0-sugar has marked growth inhibitory 

I I 

O-CO 

action on both Gram-negative and Gram-positive organisms . 1 

Anemonin (Anemone Camphor, Pulsatilla Camphor), m.p. 157-158°, 
is a white, crystalline powder, slightly soluble in water and soluble in 
organic solvents. 

It is an anodyne and antispasmodic which has been employed in 
asthma, whooping cough, architis, etc. 


0-C=0 

I I 

CH 2 —CH 2 —CH=CH 
CH 2 —CH-CH=CH 

I I 

0-c=o 


Anemonin Ell agio acid 

1 Cavallito and Haskell, J. Am. Chem. Soc., 68, 2332 (1946). 
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Ellagic Acid occurs free or combined in nutgalls. It is an odorless, 
tasteless, yellow powder, slightly soluble in water and alcohol but sol¬ 
uble in alkali solutions. It has been used as an intestinal astringent in 

dysentery, diarrhea, etc. . 

Ascorbic Acid, U.S.P. (Vitamin C, Cevitamic Acid, 3-Keto-L-gulo- 
furanolactone), was isolated in pure crystalline form by Szent-Gyorpn 
from the adrenal glands and various vegetable sources. 1 Its constitu¬ 
tion was established in 1933, and it was successfully synthesized later 
that same year. 2 This compound is quite specific in its antiscorbutic 
activity; small changes in its structure, such as shift in configuration 
about the asymmetric centers, decrease very considerably, or abolish 
completely, its biological activity. 

The vitamin has been synthesized in various ways. The prepara¬ 
tion from D-glucose is indicated: 


CHO 

I 

H-C—OH 

I 

HO-C-H 

I 

H-C—OH 

I 

H-C—OH 

I 

CH 2 OH 

i>-Glucoao 


CH 2 OH 

I 

H-C-OH 


m HO-C-H Uct<rUl 


H-C—OH 

I 

H-C—OH 

I 

CH 2 OH 

v- Sorbitol 


oxidation* 


CH 2 OH 

I 

H-C-OH 

I 

HO—C—H 

I 

H-C-OH 

I 

c=o 

I 

ch 2 oh 

Sorbose 


| ®.g. 


oxidation 
C.H.NH NHt 


CHjOH CH2OH 

I I 

H-C-OH H—C—OH 

I I 

HO-C—H HO—C—H 

I Br I 

H—C—OH ^— H-C—OH 

I I 

c=o c=o 

I I 

COOH CHO 

2-Ketogulonic acid Osone 


CH 2 OH 

I 

H-C-OH 

HO—C—H 

I '* 

- H—C—OH 

I 

C=N—NH—C 6 H 6 

I 

CH=N—NH-C 6 H 5 

Sorboaaxone or gulosazone 


1 Szent-Gyorgyi, Biochem. J., 22, 1387 (1928). 

3 Reichstein et al., Helv. Chim. Ada, 16, 1019 (1933); Haworth et al, J. Chem. 
Soc., 1933, 1419. 

a Wells et al., Ind. Eng. Chem., 31, 1425 (1939). 
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CH 2 OH CHOH 


H—C—OH H—C—OH 



Keto form Enol form 


Aacorbio acid 



The commercial synthetic vitamin is about 99 per cent pure and is 
much less expensive than that isolated from natural sources. 

The official ascorbic acid is an odorless, white or slightly yellow, 
crystalline powder which slowly darkens on exposure to light, m.p. 
189-192°. It is soluble in water about 1:3, in alcohol about 1:25, 
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and in glycerol about 1 : 100; it is insoluble in benzene, chloroform 
ether, and most fatty oils. It is relatively stable in air when dry but 
it deteriorates rapidly in aqueous solution at ordinary temperatures. 
It is a strong reducing agent that is reversibly oxidized to dehydro- 
ascorbic acid which is active, and it may be further oxidized to oxalic 
acid and trihydroxybutyric acid. The oxidation is hastened by alkalies 
and retarded by acids. Ascorbic acid is one of the least stable vitamins 
and may be largely destroyed in the canning of foods. 

Good sources of this vitamin include: oranges, lemons, grapefruit, 
tomatoes, cabbages, broccoli, peas, parsley, brussels sprouts, straw¬ 
berries, greens, and red and green peppers. 

The unit of potency is defined as the antiscorbutic activity of 0.05 mg. 
of L-ascorbic acid. Thus 1 g. of the crystalline vitamin is equal to 
20,000 units. 

Ascorbic acid probably functions in the body by taking part in oxida¬ 
tion-reduction reactions or in reactions that are largely responsible for 
the transfer of hydrogen or electrons in the oxidation of metabolites. 
Deficiency of the vitamin is usually caused by insufficient intake due to 
poverty, ignorance, and special diets; inadequate absorption as in 
acute diarrhea; and increased utilization as in pregnancy and lactation 
and in some diseased conditions such as hyperthyroidism, leukemia, 
tuberculosis, and rheumatic fever. 

The biological activity of L-ascorbic acid is specific. Compounds 
with limited antiscorbutic activity include 


CO 

I 

HO—C 

II 

HO-C 
H 

I 

HO—C—H 

I 

ch 2 oh 



CO 

I 

HO-C 

II 

HO—C 
H 

I 

H—C—OH 


CH 2 OH 



l-A s corbie acid, 
most active 


t>-Araboascorbic 
acid. 1/20 


CO 


HO-C 

II 

HO—C O 



HO-C-H 

I 

ch 3 


6- Desory-i^ ascor¬ 
bic acid. 1/3 


CO 


HO-C 

II 

HO-C 



H-C-OH 


HO-C-H 

I 

ch 3 

v- Rha mnoas corbie 
acid. 1/5 


1 Rosenberg, H. R., Chemistry and Physiology of the Vitamins, Interscience Pub¬ 
lishers, New York, 1942, p. 314 et seg. 
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CO 

I 

HO—C 

II 

HO—C 



CO 

r~ 

CO 

1 

HO—C 

f - 

CO 

1 

NH 2 —c 

1 

HO—C 

II 

II 

II 

) HO—C O HO—C O HO—C O 

1 

1 H—C- 

1 

H—C- 

1 

H—C- 


i>Glueoaacorbio 
acid. 1/40 


HO—C—H 

I 

H—C-OH 

I 

ch 3 


is-Fucoascorbio 
acid. 1/60 


I 

H—C—OH 

I 

HO—C—H 

I 

HO-C-H 

I 

ch 2 oh 

D-Glucohepto* 
ascorbic acid. 
1/100 


HO—C—H 

I 

CH 2 OH 


iy-Scorbamio acid 


The daily requirements of ascorbic acid have been variously estimated 


as: 


Infancy and childhood 
Adolescence and maturity 
Pregnancy and lactation 
Acute deficiency 


25 to 75 mg. (500-1500 units) 

75 to 160 mg. (1500-3000 units) 
150 to 300 mg. (3000-6000 units) 
200 to 500 mg. (4000-10,000 units) 


No evidence of toxic effect from very large doses of ascorbic acid have 
been reported. It is used in scurvy as a prophylactic and as a curative 
agent. It is reported to aid in the healing of peptic and duodenal ulcers, 
trench mouth, etc., and to be of value in some types of urticaria. It is 
usually administered in the form of tablets. 

Santonin, N.F., was isolated from Artemesia marilima var. anthel- 
minticum Linn6, by Kehler and Alms in 1829, but the plant had been 
used since early times as an anthelmintic. Caius and Mhaskar 1 showed 
that santonin is definitely effective in the treatment of infestations with 
ascaris, but a large proportion of the worms are only injured and not 
killed. Consequently, a large number of synthetic products have been 
made in an effort to improve the activity of compounds of this type. 
It is of interest to note that in all these compounds the lactone struc¬ 
ture seems to be essential for activity. 2 ** The formula generally 

1 Indian J. Med. Research , 11, 377 (1923). 

1 Oettingen and Garcia, J. Pharmacol., 36, 355 (1929). 

* Rosenmund and Schapiro, Arch. Pharm. (Berlin), 272, 313 (1934). 
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accepted for santonin is: 


CH, 



Santonin forms colorless crystals, m.p. 170-173°, insoluble in water 
but soluble in most organic solvents which become yellow on exposure 
to light. It is used as an anthelmintic against ascaris, usually being 
administered as the powder in capsules. 

Podophyllotoxin occurs to the extent of 3 to 5 per cent in the resin 
of podophyllum. When heated with alkalies, podophyllotoxin, m.p. 
117°, forms podophyllic acid which loses water and forms picropo- 
dophyllin, m.p. 227°, an isomer of podophyllotoxin: 



Podophyllotoxin is the constituent chiefly responsible for the drastic 
cathartic action of the resin of podophyllum. Picropodophyllin is 
inactive. 

CO—0 

/ 

CH3—C&H7 

\ 

C=CH 

I 

CH 3 

Nepetalactone 

Nepetalactone constitutes about 85 per cent of volatile oil of catnip, 
Nepeta cataria. It is believed that the —C 5 Ht— fragment is a tri- 
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substituted cyclopentene nucleus. Presumably, however, it is not the 
lactone which contributes the catnip odor that is so attractive to many 
members of the cat family . 1 

Mycophenolic Acid of suggested structure I is elaborated by Pent- 
cUlium brevi-compactum and is an inhibitor to the growth of S. aureus. 2 
A phenolic lactone of structure II, a-(2,7-dihydroxy-l,2,3,4-tetrahydro- 
1 -naphthyl)-propionic acid, is a synthetic anthelmintic . 3 



CftHu 


CH CH 2 

X \ / \ 

HC C CH* 

I II I 

HOC C CH—O 

\ / \ / 

CH CH 

\ 

CH-CO 

I 

CH, 

ii 


For other examples of lactone structures see Antibiotics, page 414. 
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CHAPTER VII 
NATURAL MIXTURES 

A number of groups of substances occur as natural mixtures. In¬ 
dividual components of these are discussed throughout the text. 

FIXED OILS AND FATS 

The word oil, Latin oleum , is derived from a Greek word elaicm , 
“ oil.” The original oil known to Mediterranean civilization was 
probably the olive oil. Indeed the word olive, Latin oliva, is akin to the 
Greek word, being derived directly from the Greek elaia , “ olive tree.” 
Moreover, the olive tree is known to botanists today as the Olea euroyaea. 

With the knowledge of other oils, the word oil acquired generic significance. To 
distinguish between different oils modifying attributes were employed, which for the 
vegetable oils were obtained largely from the names of the plants from which the oils 
were obtained. Hence any substance, whatever its source, if it possessed the charac¬ 
teristics of olive oil, viz., unctuousness to the touch and insolubility in water, was 
regarded as an oil. For a time, substances possessing the viscosity of oils without 
being unctuous or insoluble in water were looked upon as oils, e.g., oil of vitriol. 

The word fat is from a Greek word meaning to swell, to burst forth, and appears 
first to have been applied to fatty animal tissues and tho solid fatty oils obtained 
therefrom. 

Most vegetable oils are liquid at ordinary temperatures; animal oils are, as a rule, 
solid or semisolid. Nevertheless, there are solid vegetable oils (cocoanut butter), and 
liquid animal oils (cod liver oil). 

The distillation of aromatic waters resulted in the production of volatile oils, 
unctuous and insoluble in water, but characterized by their volatility. The develop¬ 
ment of plant chemistry has shown the two classes of oils, the fixed and the volatile, 
to be very different in composition. Although the volatile oils are exceedingly vari¬ 
able in composition, the fatty oils have been found to belong to a single type of com¬ 
pounds, the esters of a single alcohol, glycerol, the oelsuess of Scheele. 

The discovery of Chevreul (1811) seemingly made possible a chemical definition 
for the concept of fatty oil as the tri-acid esters of glycerol. This definition excluded 
the waxes, the lecithins, and the cholesterins, all of which are more or less closely 
related physically to the fats. Though this definition is commonly accepted, the 
fixed oils are, in reality, mixtures and hence defy chemical definition. 

As already stated, several fixed oils were known to the ancients. They were also 
familiar with the process, or at least with the products, of saponification, soap having 
been used, according to Pliny, by the Germanic tribes, not for cleansing purposes, but 
in the toilet of the hair. The saponification with lead oxide, in the preparation of lead 
plaster, was also known to both Pliny and Dioscorides. Even the isolation of glycerol 
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by Scheele in 1783, who obtained it as a by-product while making lead plaster failed 
to throw any light on the subject, since he did not realize thes.gnificanceof i 
formation in relation to the theory of saponification. It was not i' L 
the years 1811-1823 made his classic investigations that the constitution 

“in^nt Me. carbohydrates and fats appear to be closely related They’ form 

the chief non-nitrogenous substances used for reserve food storage. Along witn tne 
neutral fats small amounts of free fatty acids may occur. During translocation the 
amount of free fatty acid may increase to as much as 10 to 30 per cent or more. v 
when the liberation of fatty acids is most active, however, no traces of glycerol have 
been found. From this fact it is evident that the latter is very rapidly assimilated, 
i.e., converted into sugars by oxidation and condensation. The fact that the absoip- 
tion of fats is accompanied by increased absorption of oxygen is in accord with this 
assumption. 


Occurrence 

Fixed oils in small or large amounts are very widely distributed 
throughout the vegetable kingdom and in the adipose tissue of all ani¬ 
mals. In the lower organisms, fatty matter is found in large amounts, 
e.g., in lycopodium and ergot. In higher plant organisms, fixed oils 
are frequently found in the roots, stems and branches, flowers and fruits. 
The most abundant source of the fixed vegetable oils is found as the 
reserve materials in seeds. Thus the seeds of maize contain about 
4 per cent of fixed oil, black mustard 20 per cent, almond 42 per cent, 
flax 20 to 40 per cent, castor bean 50 per cent, cotton 25 per cent, 
cocoa 54 per cent, olives 20 to 70 per cent, and pumpkin 40 per cent. In 
the plant, the fixed oils are present as globules in the fat-containing 
tissues. 

Animal fixed oils (e.g., lard and suet) are separated from other tissue by rendering 
with water or steam with or without pressure in lead-lined kettles. By this process, 
the tissue cells are burst and the molten fat separates on the surface as an oily layer 
which can be drawn off. Vegetable oils are commonly obtained from the com¬ 
minuted fruit or seed by expression in hydraulic presses. If the pressing is carried 
out in the cold, a “ virgin oil ” or " cold-drawn oil ” is obtained, and, if heat is em¬ 
ployed, a “ hot-drawn oil ” results. Hot-drawn oils are usually discolored and, 
consequently, are not suitable for medicinal and edible purposes. Thus, the best 
grade of olive oil expressed without the aid of heat is used medicinally and in foods, 
but that obtained by extraction and by expression with heat is used in the manu¬ 
facture of soap, etc. Another method of isolating vegetable oils consists in extracting 
the crushed seeds, etc., with cold or hot organic solvent, such as petroleum ether or 
carbon disulfide, the solvent being recovered by distillation from the extractive. 
Extraction in this manner is a more efficient process than expression, and it is com¬ 
monly resorted to for the removal of the 10 per cent or more of oil remaining in the 
“ press cake ” after expression. Oils obtained by solvent extraction are not usually 
suitable for edible or medicinal purposes since they usually retain the flavor of the 
solvent. 
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Various processes are used for the purification of oils and fats. Solid 
foreign matter may be removed by filtration or decantation, and free 
acids may be removed by shaking with aqueous alkali solution. When 
albuminous matter is present, it may be coagulated in some oils by 
blowing steam through the oil and removed by straining. Fats and 
oils contaminated by color may be bleached by means of air or ozone or 
oxidizing agents like K 2 O 2 O 7 . 


Properties and Constitution 

Fixed oils or fats may vary from unctuous liquids, through soft solids, 
to waxlike solids which generally have low melting points. They float 
upon and are insoluble in water; all natural fats have a specific gravity 
of less than 1. Most of them are only slightly soluble in alcohol, but 
castor oil is readily soluble in this solvent. They dissolve readily in 
ether, carbon disulfide, benzene, chloroform, petroleum ether, and simi¬ 
lar solvents. The fatty oils leave a permanent translucent stain on 
paper, i.e., a stain which does not disappear in time or on warming due 
to volatilization of the oil. The fats, the fatty acids derived from them, 
and especially the alkali salts of the fatty acids or soaps greatly reduce 
the surface tension of water (see page 281). Consequently, the soaps 
are extensively used as emulsifying agents and detergents. The fats 
are very good solvents for other substances of like character and with 
similar solubilities, and, consequently, they are used often as solvents 
for medicinal substances. 

All fats and fatty oils consist in the main of esters derived from the 
trihydric alcohol, glycerol and one or other of the higher monocarboxylic 
acids. The three most abundant of these glycerides are glyceryl tri- 
palmitate or palmitin, glyceryl tristearate or stearin, and glyceryl tri¬ 
oleate or olein. The constitution of these compounds may be repre¬ 
sented as follows: 


CH2-O-CO-C1SH3, 

I 

CH—O-CO—C 1& H 3 i 

I 

CH2—O—CO—CisH 3 i 

Palmitin 


CH2—O—CO—C17H3& 

I 

CH—O—CO—C, 7 H 3 s 

I 

CH 2 —0-C0-C 17 H 3 6 

Stearin 


CH2—O—CO—Ci 7 H 33 

I 

CH—0—CO-C, 7 H 33 

I 

CH2—O—CO—Ci 7 H 33 

Olein 


CH2—O-CO—R 

I 

CH—0—CO—R' 

I 

CH2—0—CO—R" 


CH2—O—CO—Ci 7 H 36 

I 

CH—O—CO—CisHsi 

I 

CH2—O—CO—C 3 H 7 

Butyropal mitoetearin 
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If the acids are unlike, the name is indicated as under the formulas 
given above. , . 

It is obvious that the properties of a fat will depend on its composition, 
i.e., upon the acids that are joined in ester linkage to the glycerol. 
From butter fat, for example, the acidic components are shown in 
Table 34. 

TABLE 34 


Acids Present in Butter Fat 


Acid 

Range (molar %) 

Average by weight 

Butyric 

8 .4-9.6 

2.93 

Caproic 

2.7-3.9 

1.9 

Caprylic 

1.7-2.7 

0.79 

Capric 

2 .9-5.1 

1.57 

Laurie 

4.1-8.3 

5.85 

Myristic 

7.2-17.2 

. 19.78 

Palmitic 

23.7-27.1 

15.17 

Stearic 

3.7-9.5 

14.91 


Fatty oils commonly found in the market are mixtures of simple 
and mixed triglycerides, with more or less free fatty acids, unsaponifiable 
material, chromogenic substances, cholesterol, phytosterol, etc. 

Palmitin and stearin are solids at ordinary temperatures, but olein and other 
unsaturated glycerides are usually oily liquids. The consistency of a simple fat 
depends upon the relative proportions of liquid and solid glycerides. In fact, there 
is no chemical distinction; the difference is entirely one of melting point. Such 
substances as cocoanut oil and chaulmoogra oil may be solid in northern and liquid 
in southern climates. Other oils, e.g., cottonseed oil, become semisolid in cold 
weather owing to the deposition of solid glycerides, and the oil when employed for 
edible purposes is often cooled and decanted from the solid matter to yield a so- 
called winter oil which remains clear even at low temperatures. 

When an oil containing unsaturated acid radicals is hydrogenated, the unsat¬ 
urated glycerides are reduced and the liquid oil is converted into a solid. The 
process is employed commercially for the conversion of oils like cottonseed into solids. 
The products are called hydrogenated or hardened oils. Complete hydrogenation 
forms a product that is hard and brittle like tallow. Lard substitutes, such as 
Crisco and Snowdrift, are obtained by partial hydrogenation. The cooking fats 
produced by such processes contain about 20 to 25 per cent saturated fats, 65 to 
75 per cent oleins, and 5 to 10 per cent linoleins or similar mixtures. 

Certain oils rich in unsaturated acids dry to a hard film when spread and exposed 
to the air. These are termed drying oils, and they are valuable in paints, as vehicles 
for the pigments. In some, e.g., linseed oil, the drying properties of the oil are greatly 
increased by boiling with lead oxide; such oil is known as “ boiled oil.” A similar 
result is obtained by adding to the oil certain salts known as driers, such as lead 
linoleate or the metallic salts of resin acids, etc., which act as oxygen carriers. The 
unsaturated fatty oils and fatty acids exhibit the properties characteristic of double 
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bonds. These properties are utilized in the preparation of certain medicinal agents, 
e.g., iodized oils. 


When boiled with solutions of potassium or sodium hydroxide, fats or 
oils are saponified with the formation of the potassium salts (soft soaps) 
or sodium salts (hard soaps) of the fatty acids and free glycerol. With 
lime, magnesium, or lead oxide, insoluble soaps are formed. The 
saponification of stearin is represented by the equation: 


CH r O -CO-CnHn 

I 

CHOCOCnHas + 3NaOH 

I 

CH r O CO-CnHa* 

Stearin 


CHrOH 


CH-OH + 3Ci 7 H«COONa 

I 

CHrOH 

Glycerol Sodium stcarato 


If the soap is separated, glycerol can be obtained by evaporation of 
the remaining aqueous liquid. Free fatty acids can be obtained from 
the soap by treatment with mineral acids. 


Practically all the natural fatty oils, fata, and waxes contain traces of free fatty 
acids. When exposed to air and light, these substances frequently acquire an un¬ 
pleasant odor and taste and are then said to be rancid. The cause of this change is 
not clearly understood but it appears to be the result of a number of agents such as 
oxygen, light, moisture, bacteria, and enzymes which cause hydrolytic and oxidative 
changes. An oil may become rancid without increase in the free acid content. Fats 
and oils suitable for medicinal use must be free of rancidity. Consequently, the odor 
and appearance of the official fatty oils used in pharmacy are considered, and a limi t, 
of free fatty acids is specified. 

Fatty oils have been classified in a variety of ways: (1) according to their drying 
or nondrying quality which depends in a large measure upon the degree of saturation 
of the acid radicals; ( 2 ) according to their similarity to economically important types, 
i.e., edible oils, lubricating oils, etc.; (3) according to their source. Inasmuch as a 
strictly chemical classification is difficult, this is the most rational method. 

The adulteration of fatty oils and similar substances usually consists of the addition 
of cheap or inferior grades of oil to an expensive oil. Thus olive oil is sometimes 
adulterated with olive kernel oil or cottonseed oil, and fish liver oils such as haddock 
and shark liver oils may be added to or substituted for cod liver oil, etc. The 
detection of adulteration involves qualitative and quantitative tests for identity, 
purity, and quality which may require many determinations, the more important 
of which are as follows: (1) specific gravity, (2) refractive index, (3) optical proper¬ 
ties, (4) melting point, (5) saponification value, (6) iodine value, (7) volatile fatty 
acids, (8) acid value, and (9) unsaponifiable matter and special qualitative tests for 
specific common adulterants, such as rosin oil and cottonseed oil. 

The fatty oils and products derived from them are used in many ways 
in the pharmaceutical and other industries. Certain of them are used 
directly as medicinal agents, e.g., castor oil, croton oil, cod liver oil, 
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and chaulmoogra oil. They may be used as vehicles for other medicinal 
agents, serving directly as solvents, as media for suspension of other 
substances, or in making emulsions and liniments. They are also 
employed extensively in the preparation of cosmetics, e.g., cold creams. 
The greatest use of the fatty oils is, however, as (a) foods, e.g., olive oil, 
cottonseed oil, butter, and lard, (6) soaps, e.g., olive oil, cottonseed 01 , 
corn oil, peanut oil, and suet, (c) lubricants, e.g., castor oil, dolphin 
oil, and lard oil, ( d ) paints and varnish, e.g., linseed oil, tung oil, and (e) 
for many other purposes such as tanning leather and making linoleum. 

All the acids that are present in the fats except in rare instances, e.g., 
in chaulmoogra oil, are straight chain and monocarboxylic, and all 
have even numbers of carbon atoms in their chain (cf. table 29, page 
213). Practically all the members of the fatty acid series up to and 
including Ci®, palmitic acid, have been isolated only as saturated fatty 
acids. 

Butyric, cnproic, nnd caprylic acids are volatile; this fact is used in determining 
the ReichcrUMeiscl number of a fat, a characteristic that often may be employed 
in confirming the identity of a fat which normally produces volatile acids on hydroly¬ 
sis, and it is also used in certain quantitative estimations. For example, the hydroly¬ 
sis of butter fat yields lower fatty acids of which 11 to 15 per cent arc volatile. Ad¬ 
vantage is taken of this fact in the estimation of whole milk or cream in certain foods. 
See Association of Official Agricultural Chemists Book of Methods for estimating 
milk in bread and for determining milk in milk chocolate. 

Except for limited amounts of tiglic and crotonic acids in croton oil, 
the unsaturation in fats is present entirely in the acidic portion of the 
Ci8 acids, e.g., in oleic acid, linoleic acid, and linolenic acid. Unsatura¬ 
tion produces a lowering in the melting point of the fat; e.g., tristearin 
melts at 70.8°, whereas triolein melts at —17°. 

Nature makes use of this phenomenon to excellent advantage. Cold-blooded 
creatures have fats with sufficiently lowered melting point to keep them from con¬ 
gealing at the low temperatures. 

The saponification value of a fat is defined as the number of milligrams of potassium 
hydroxide required to neutralize the free and combined fatty acids in 1 g. of fat. 
It is seen that this value may be characteristic, within limits, for a given type of fat; 
or, if adulteration is made with a nonsaponifiable substance, the value will be 
changed. Low-molecular-weight glycerides have high saponification values; 
triacetin, e.g., has a value of 772, whereas for tristearin the value is 189. 

Some important fats and fatty oils are listed with their chief con¬ 
stituents in Table 35. 

The fatty oils are extensively used in pharmaceutical preparations as 
solvents and vehicles. Few of them have marked therapeutic action. 
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Applied externally, they serve to soften the epidermis and protect the 
surface against irritation. They are used as such in many cosmetic 
preparations like baby oils and cold creams. They may be used as a 


TABLE 35 


Some Fats and Oils and Their Chief Constituents 


Almond oil, U.S.P. . 
Castor oil, U.S.P. 
Chaulmoogra oil, N.F. 
Cod liver oil, U.S.P. 
Corn oil, U.S.P. . . 

Cottonseed oil, U.S.P. 
Croton oil 

Halibut liver oil, U.S.P. 
Lard, U.S.P. . . . 
Linseed oil, N.F. 

Olive oil, U.S.P. 

Suet, N.F. . . . 
Sesame oil, U.S.P. . 
Theobroma oil, U.S.P. 


. Olein 

. Ricinolein, isoricinolein 

. Chaulmoogric acid and its homologs, palmitin 
. Palmitin, therapin, stearin, jecolein, vitamins 
. Olein, palmitin 
. Palmitin, stearin, olein, linolin 
. Palmitin, stearin, laurin, myristin, croton resin 
. Palmitin, stearin, vitamins A and D 
. Olein, stearin, palmitin 
. Linolin, linolenin, palmitin, olein 
. Olein, palmitin 
. Olein, stearin, palmitin 
. Olein, linolin 
. Olein, stearin, palmitin 


base for suppositories, e.g., Cacao Butler, U.S.P. , or as solvents for 
active medicaments, e.g., Ampul Oil, N.F. A few of the fatty oils are 
used as medicinal agents. Cod Liver Oil, U.S.P., is obtained from the 
livers of a large number of the species of fishes of the family Gadidae. 
Its chief value depends on its content of vitamins A and D, see pages 
87 and 94. The shortage of cod liver oil has made it expedient to 
make official a “ synthetic cod liver oil,” Oleovitamin A and D, U.S.P., 
which consists of vitamins A and D from natural sources such as fish- 
liver oil concentrates dissolved in fish-liver oil alone or diluted with an 
edible vegetable oil. Each gram of this oil is required to contain from 
850 to 1100 units of vitamin A and from 85 to 110 units of vitamin D. 
Cod liver oil is administered as such, sometimes flavored, or in the form 
of emulsions which may be flavored to mask the taste. Halibut liver Oil , 
U.S.P., is obtained from livers of the halibut, Hippoglossxis hippoglossus 
L. The official quality of oil must contain in each gram not less than 
60,000 units of vitamin A and 600 units of vitamin D. Chaulmoogra 
Oil, N.F., is obtained from the seeds of a number of trees of the family 
Flacourtiaceae. Because of its unpleasant taste the esters of chaul¬ 
moogric and hydnocarpic acid are used. The uses of the oil are similar 
to those of the Ethyl Chaulmoograte, page 256. 

Castor Oil, U.S.P., is used as an effective and prompt cathartic. It 
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may be used as such or as the Aromatic Castor Oil, N.F., which is more 


pleasant to take. .. AAtiaAO 

Croton Oil is a powerful irritant. Applied to the skin, it causes 
pustular eruptions, but suitably diluted it may be used as a vesicant and 
rubefacient. Internally, it is a very active cathartic and irritant which 
may cause violent emesis and purging (cf. Tiglic Acid, page 217). 


Soaps 

Several fats or oils are used in soap manufacture. Soaps may be made 
by either a cold process or a hot process. The latter is more commonly 
employed. In the hot process, the fat is heated with a solution of the 
alkali, e.g., sodium hydroxide. When the saponification is complete, 
sodium chloride is added to the solution to “ salt out ” the soap. After 
standing and cooling, the soap rises to the top leaving the salt, glycerol, 
lye, and water in a lower layer. The soap layer is separated and boiled 
with water to remove excess alkali, etc., and again allowed to separate. 
Other materials, such as sodium carbonate, sodium silicate, borax, 
medicinal agents, or perfumes, are then mixed with the soap in a machine 
termed a crutcher. The warm mixture from the crutcher is poured into 
frames, cooled, and cut into cakes. After proper drying the cakes are 
pressed. Soaps made in this manner contain 25 to 30 per cent of water. 
Toilet soaps are dried more thoroughly and contain 10 to 12 per cent of 
water. 

White soaps are usually made from tallow, cocoanut oil, olive oil, or 
palm oil. Cheaper grades of soap may be made from tallow, bone 
grease, cottonseed oil, and other fatty matter. Rosin is often incor¬ 
porated into the fat used to make laundry soaps so that the resulting 
soap will lather more freely and be more soluble. Floating soaps are 
made by incorporating air into the soap during the crutching process. 
Soaps are often colored by adding pigments such as ultramarine. 
Transparent soaps are made by dissolving the soap in alcohol and 
distilling off the alcohol until a transparent jelly remains, which is then 
dried and pressed. Sand, bentonite, etc., may be incorporated into 
scouring soaps. Castile soap is made from olive oil and consists largely 
of sodium oleate. 

Soaps may be divided into two classes: soluble soaps and insoluble 
soaps. The soluble soaps are the sodium, potassium, and ammonium 
salts of the higher fatty acids, especially oleic acid. The insoluble soaps 
are the heavy metal and alkaline earth salts of the same acids. The 
insoluble soaps have no lathering or cleansing properties, but they are 
extensively used as is indicated: 
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Soap 
Lead oleate . 
Aluminum oleate 
Magnesium oleate 

Copper oleate 
Zinc stearate 
Mercury oleate . 
Copper soaps 
Aluminum soaps 
Cadmium soaps . 

Zinc, nickel, cobalt, and 
chromium soaps . 


Uses 

Ointments and plasters 
Oil thickener 

Dry cleaning of silk goods to prevent fires caused by static 
electricity when withdrawing goods from the bath 
Medicinally to treat ulcers, etc. 

Dusting powders 

Antiseptic dusting powder for wounds 
Insecticide and fungicide, paint for ship bottoms, etc. 
Lubricant, polishing mixtures, e.g., floor polish 
Waterproof paper, concrete, etc. 

Waterproof paper, canvas, and leather 


The medicinal value of soaps is due in part to their detergent or cleans¬ 
ing action and in part to their activity as antiseptics. The incorpora¬ 
tion of other antiseptic agents such as mercuric chloride, sulfur, meta- 
phen, or tar may increase their germicidal value. 

Hard Soap, U.S.P., is the sodium salt of fatty acids formed by the 
usual processes of soap manufacture. It is used in liniments, intended 
to be applied with friction, partly to serve as a lubricant. Used in the 
form of a suppository or dissolved and administered in warm water as an 
enema, it produces prompt evacuation. 

Medicinal Soft Soap, U.S.P. (Green Soap), is a solution of potassium 
and sodium soaps made from linseed oil with added glycerol. It is used 
to make liniments. 

Sodium Morrhuate, N.N.R., is the sodium salt of the mixed fatty 
acids that occur in cod liver oil. It is used in solutions of about 5 per 
cent strength, with an added anesthetic such as benzyl alcohol, for the 
obliteration of varicose veins. Other soap products used for this 
purpose include sodium ricinoleate, Soricin, and ethanolamine oleate, 
Monolate. 

VOLATILE OILS 

The term volatile oil, introduced before the age of synthetic chemistry, 
represents the sum total of the products of plants that are volatile 
when subjected to the process of distillation with water or steam. 
These products may pre-exist in the plant or they may have been formed 
previous to or during the process of distillation. When prepared by 
distillation with water or steam, however, they are practically devoid 
of such water-soluble, volatile products as acetic acid, etc. Partly 
modified in this direction is, for example, the oil of orange blossoms 
resulting as a by-product in the manufacture of orange-flower water. 

The classification of the constituents of the volatile oils has progressed as the 
knowledge of their constitution has advanced. These constituents were first divided 
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by Berzelius into stearoptene (the part that crystallized upon standing) and ele0 Pj« n ® 
(the part which did not become solid). The crystalline deposits were called camphors 
from their resemblance to camphor, e.g., thyme camphor (thymol), mentha cam¬ 
phor (menthol), etc. Most “camphors" upon examination were/ou^d to be 
hydrocarbons of the general formula C l0 H,., or their derivatives. Further study has 
led to the conclusion that the best classification of the constituents of volatile 
oils is according to the general system of classification of organic compounds. 

The volatile or essential oils as a group of substances are characterized 
by certain distinctive properties as follows: (1) They are usually vola¬ 
tile at ordinary temperatures and do not, therefore, produce a perma¬ 
nent oily mark on paper (difference from fatty oils). (2) They possess 
characteristic strong odors. (3) They are usually liquid at ordinary 
temperatures. (4) They have high refractive indices, and most 
of them are optically active. (5) They are soluble in strong alcohol and 
practically all organic solvents, but almost insoluble in water. 

Most of the volatile oils consist largely of hydrocarbons termed 
terpenes of the molecular formula CioHi«; sesquiterpenes, C 1 &H 24 ; di- 
terpenes, C 20 H 32 ; polyterpenes, (C&H 8 )n; and of alcohols, aldehydes, 
ketones, phenols, etc., derived from and closely related to these hy¬ 
drocarbons. The processes of biogenesis by which the terpenes are 
formed in plants are largely a matter of conjecture. However, it is 
possible that they are built from the hemiterpene, isoprene. For pur¬ 
poses of study, the terpenes and allied derivatives are usually divided 
into groups as follows: (1) open-chain olefinic compounds, (2) mono- 
cyclic terpenes, (3) complex cyclic terpenes. (See Hydrocarbons, pages 
17 to 28.) 


Since many of the volatile oils are relatively expensive, they are frequently adulter¬ 
ated in various ways. Thus, oil of turpentine and alcohol are commonly added to 
volatile oils. Sometimes the oils are subjected to careful fractional distillation to 
produce the so-called terpeneless oils, the terpene distillate less the chief constituent 
then being sold as genuine oil. Thus oil of lemon which contains about 94 per cent 
of terpene hydrocarbons when fractionally distilled leaves a residue consisting almost 
entirely of citral in the form of a terpeneless oil. The terpeneless oils possess the 
advantages that they are quite soluble in water and alcohol and therefore useful in 
flavors, etc., and that they can be stored without appreciable deterioration, whereas 
ordinary oils often develop an unpleasant odor or taste on keeping, owing to oxidation 
or resinification of the terpenes present. A constituent may be removed, as in the 
washed oils; e.g., oils containing phenols washed with alkali solutions. 

The volatile oils are isolated and prepared in a number of ways, as 
follows: 


1. Steam distillation. This is the method employed in the production of most 
volatile oils, e.g., oil of chenopodium, oil of peppermint, oil of turpentine, oil of 
juniper, etc. Oils recovered from the aqueous layer of the distillate by further 
distillation (cohobation) are known as cohobated oils. 
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TABLE 36. Important Volatile Oils, Their Constituent*, and Uses 


Oil of 


Chief Constituents 


Anise, U.S.P. Anethole 80-90% 

Bergamot, N.F. Linalyl acetate, linalol 

Birch tar, N.F. Methyl salicylate, phenols, 

acids 

Bitter almond, N.F. Benzaldehyde 95%, HCN3% 

Bitter orange, N.F. Linalyl acetate, limonene 

Caraway, N.F. (H-)-Carvone 40-60%, limo- 


- 

Caraway, N.F. 


Cardamon, N.F. Cineole, terpcnes 

Cedar leaf, U.S.P. Ccdrene, cedrol, thujone 

Chenopodium, N.F. Ascaridole 

Cinnamon, U.S.P. Cinnamic aldehyde, eugcnol 

Clove, U.S.P. Eugenol 84-95%, benzyl 

alcohol 

Coriander, U.S.P. Linalyl acetate, cineole, 

pinene 

Eucalyptus, U.S.P. Cineole 55-80%, pinene 

Fennel, U.S.P. Anethole, fcnchone, pinene 

Juniper, N.F. Pinene, cadinene, camphcnc 

Lavender, U.S.P. Linalyl acetate, gcraniol, 

cineole 

I^mon, U.S.P. Citral, limonene, pinene 

Mustard Allyl isothiocyanate 

Myrcia, N.F. Eugenol, linalol, myreene 

Nutmeg, U.S.P. Eugenol, geraniol, pinene, 

cymenc 

Orange, U.S.P. Methyl anthranilate, linalol, 

limonene 

Orange flowers, N.F. Methyl anthranilate, linalyl 

acetate 

Peppermint, U.S.P. Menthol 50-80%, menthyl 

acetate, menthone 

Pimenta, N.F. Eugenol, cineole, phellandrene 

Pine needles, N.F. Bornyl acetate, pinene, carene, 

cadinene 

Rose, U.S.P. Geraniol, nerol, citral, phenyl- 

ethyl alcohol 

Rosemary, U.S.P. Bornyl acetate, borneol, cine¬ 

ole, camphor 

Santal, N.F. Santalols 92-98% 

Sassafras, U.S.P. Safrole 80%, pinene, camphor 

Spearmint, U.S.P. Carvone, cineole, limonene 

Thyme, N.F. Thymol, carvacrol, linalol, 

pinene, camphene 

Turpentine, N.F. Pinene, dipentene, camphene 

Turpentine, N.F. Pinene, dipentene, camphene 


Clove, U.S.P. 
Coriander, U.S.P. 


Fennel, U.S.P. 
Juniper, N.F. 
Lavender, U.S.P. 

Lemon, U.S.P. 
Mustard 
Myrcia, N.F. 
Nutmeg, U.S.P. 

Orange, U.S.P. 


Pimenta, N.F. 
Pine needles, N.F. 

Rose, U.S.P. 

Rosemary, U.S.P. 

Santal, N.F. 
Sassafras, U.S.P. 
Spearmint, U.S.P. 
Thyme, N.F. 


Turpentine, N.F. 
Turpentine, N.F. 
rectified 


Carminative and flavor 
Perfume and flavor 
Local stimulant and antisep¬ 
tic 

Flavor 

Flavor 

Carminative 

Flavor 
Perfume 
Anthelmintic 
Flavor, carminative 
Counterirritant, flavor, mild 
anesthetic 
Flavor, carminative 

Antiseptic, deodorant 
Carminative 
Irritant diuretic 
Flavor and perfume 

Flavor 

Irritant and vesicant 
Perfume 

Flavor, carminative 
Flavor 

Perfume and flavor 

Flavor, carminative 

Flavor and carminative 
Antiseptic in inhalants 

Perfume 

Flavor and carminative 

Urinary antiseptic 
Counterirritant, rubefacient 
Flavor and carminative 
Counterirritant 

Rubefacient, counterirritant 
Antiseptic; anthelmintic, di¬ 
uretic, carminative 
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2. Expression methods, either by hand or by machine. The so-called natural 
essences, oil of orange, oil of lemon, and oil of bergamot, are produced largely in 

this manner. . „ 

3. Fermentation and subsequent distillation. The ferment oils, i.e., those 

formed by the enzymic hydrolysis of glycosides and separation of the oil formed 
by steam distillation, e.g., oil of wintergreen, oil of bitter almonds, oil of black 
mustard, and oil of white mustard. 

4. Enfleurage. This process consists in absorbing the oil into a fat and sub- 
sequent extraction of the oU from the fat with a solvent such as alcohol, e.g., oil 
of rose. 

5. Synthesis; e.g., methyl salicylate (synthetic oil of wintergreen). 

GUM RESINS, RESINS, OLEORESINS, AND BALSAMS 

Resins, oleoresins, balsams, volatile oils, India rubber, and similar 
plant products are commonly placed by plant physiologists in the same 
category, since they are not, as a general rule, reassimilated. The 
processes by which these excretions are formed are unknown in spite 
of the careful study to which the special glands, gland hairs, secreting 
receptacles, etc., have been subjected by botanists and plant physiolo¬ 
gists. 

Just as the salts derive their class name from the prototype, common salt, chemi¬ 
cally sodium chloride, so the resins derive their generic name from the first resin 
known to antiquity, which appears to have been a coniferous resin similar to our 
rosin, the Latin resina. When the similarity of other substances to the prototype 
resin became apparent, these were likewise termed resin with a modifying attribute 
derived from the name of the plant or of the geographic or commercial source of the 
resin in question. Later their physical qualities were pointed to as characteristic; 
e.g., nonsolubility in water and solubility in alcohol (distinction from gums); hard¬ 
ness (distinction from fats), nonvolatility (distinction from volatile oils); later still 
their nonconductivity of electricity, etc. With the advancement of phytochemical 
knowledge attempts were made to define resins chemically, e.g., as the anhydride of 
abietic acid or of other complicated “ resin acids.” These attempts, however, have 
been no more successful than the benzoic acid definition of balsams. 

Upon examination it soon became apparent that natural resins by no means 
responded strictly to their physical definitions. Thus, for example, natural exuda¬ 
tions were found containing water-soluble material (gums). Such were therefore 
designated gum resins (asafetida, etc.); others contained volatile substances and 
oils, hence the natural oleoresins. Even after removing the gums and volatile oils, 
the resin may not be “ pure,” for pigments, fatty oils, steroids, etc., may be present 
in small amounts. 

As has already been pointed out, nothing definite is known about the 
biological history of the resins and volatile oils. Little more is known 
about any generic chemical relationship between them, though, by 
some chemists, the resins are supposed to be derived from the constitu- 
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ents of the volatile oils by such plant chemical processes as polymeriza¬ 
tion, oxidation, condensation, etc. 

The animal organism does not appear to produce resinous substances. 
Many plant families such as the Coniferae produce them in great abun¬ 
dance whereas others, as the Gramineae, are conspicuously poor in 
resinous products. 

The more or less accidental form that the natural resin assumes as 
it exudes varies greatly. The simplest form is the hardened drop or 
11 tear ” (mastic). Sometimes these tears agglutinate forming a con¬ 
glomerate mass (galbanum). Sometimes they take the shape of sta¬ 
lactites (sandrach), or of large bulbous formations (olibanum, myrrh). 
Other forms may be produced, such as plates between wood and bark 
(Siam benzoes), or hollow cylinders (shellac). 

The desire to classify the resins has manifested itself in various ways; conse¬ 
quently one meets with classifications made upon almost every conceivable basis of 
division, for example: 

1. According to age: Recent and fossil, also the intermediate “ recent-fossil’’ 
resins. 2. According to biological formation: Primary and secondary. 3. Accord¬ 
ing to solubility in ether, etc. (Giese, 1810). 4. According to medicinal properties 
(Pfaff, 1814): Indifferent, aromatic, etc. 5. According to consistency (Berzelius, 
Gmelin, 1822): Hard, soft, and intermediate. 6. According to electronegative 
(a, 0, 7 ) or indifferent properties. 7. According to chemical constituents (Tschirch): 
(a) Resinotannol — or tannol resins. (6) Resene resins, (c) Resinolic acid resins, 
(d) Resinol resins, (e) Aliphate resins. (/) Chromoresins. ( g) Enzymoresins. 
( h ) Glucoresins. 

The substances included in the chemical classification are only those found in the 
so-called pure resins, not the admixtures which may consist of gums (gum resins), 
volatile oils (oleoresins), aromatic acids (benzoic and cinnamic acids), alcohols, 
aldehydes (vanillin), and volatile esters (benzyl cinnamate). Though these latter 
substances which do not possess the so-called characteristics of a resin are looked 
upon, according to the classification, as “ impurities," yet from the therapeutic point 
of view they are often the most valuable components of the natural resins. 

From the physical point of view, the term “ resin " or “ resinous substance ” is 
applied to products that exhibit an amorphous (rarely crystalline) glassy structure; 
some are hard and brittle, others are soft and sticky, but they are all fusible, burn 
with a smoky flame, are almost or completely insoluble in water, and leave no greasy 
stain on paper as do the fats and fatty oils. They are usually complex mixtures of 
colored and colorless, solid and liquid, aromatic and inodorous substances. The 
chief constituents are: (1) Resin alcohols; complex alcohols of high molecular weight 
which are distinguished as resinotannols (those that give the tannin reaction with 
ferric salts) and resinols. Resin alcohols occur both in the free state and as resin 
esters in combination with benzoic, cinnamic, salicylic, umbellic, and other acids. 
(2) Resin acids are usually substances of very complex composition which generally 
combine the properties of carboxylic acids and phenols. The resin acids occur in the 
free state and combined with alcohols as esters. The free acids are soluble in aque¬ 
ous solutions of alkalies, forming soaplike solutions or colloidal suspensions. The 
metallic salts of resin acids are known as resinates. (3) Resenes are complex neutral 
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substances, almost devoid of characteristic chemical properties. They do not form 
salts or esters and are insoluble in and not hydrolyzed by alkalies. 

An oleoresin, phytocheraically considered, is a mixture of volatile 
oil and a resin and should not be confounded with the extractive prepa¬ 
rations known as oleoresins which contain many other substances. 

The term balsam is often used synonymously with oleoresin. An 
attempt, however, has been made to distinguish chemically between a 
balsam and an oleoresin by applying the former term only to those 
oleoresins that contain either benzoic or cinnamic acids, or both. This 
distinction has tended to confuse rather than to simplify matters, 
since it excludes from the list Canada balsam and other coniferous 
oleoresins long known as balsams. 

Since an oleoresin, in its original broader sense, is a mixture of a 
volatile oil and a resin, the volatile components of the natural mixture 
can be separated by distillation, directly or with steam, from the non¬ 
volatile ones. It must not be thought, however, that the oleoresin has 
thus been separated into its ultimate constituents. The resulting oil 
and resin are both mixtures, often very complex ones. Nor is it neces¬ 
sarily true that these components are chemically unrelated substances. 
The separation has been along the line of volatility, a line which is 
followed for its convenience rather than from the hope of separating 
unrelated compounds. 

The constituents of the resins are for the most part complex substances. The 
gum portion of gum resins contains substances similar to those found in the true gums 
(see Carbohydrates). The oil component of oleoresins is usually composed of volatile 
and nonvolatile portions. The volatile portion consists mainly of terpenc and tcrpene 
derivatives (see Volatile Oils). The nonvolatile portion consists chiefly of the glyc¬ 
eryl esters of fatty acids (see Fatty Oils). The glyco-resins contain glycosidal sub¬ 
stances made up of a sugar condensed with a resin acid, etc. (see Glycosides). 

There is no sharp distinction between the various resinous substances, 
but they may be grouped according to similarity of properties and 
constituents as follows: 

1. Resins 

Mastic, N.F., is a resinous exudation obtained from Pistacia lentzscus 
L., containing small amounts (1 to 3 per cent) of volatile oil, characteris¬ 
tic resin acids, such as masticic and masticolic acids, and resenes. This 
resin is used therapeutically as a carminative and industrially in var¬ 
nishes and cements. 

Guaiac, N.F., is a resin obtained from the wood of Gnaiacum offici¬ 
nale L. It contains guaiacol, guaiaconic and guaiacic acids, and 
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resenes. The resin is used in the treatment of rheumatism, gout, sore 
throat, etc. 

Rosin, N.F. (Colophony), is a resin obtained as the residue after 
distilling the volatile oil from oleoresin of turpentine. It consists of 
various modifications of the anhydrides of abietic acid, C 30 H 20 O 2 . It is 
used chiefly in the manufacture of rosin soaps, varnishes, rosin oils, and 
for sizing paper, etc. Pharmaceutically, it is used as a protective in the 
form of the cerate. 

Other resins of importance are: Amber, copal, dammar, dragon’s 
blood, sandarac, and shellac. These are used in many industries to 
make varnishes, ornamental objects, sealing wax, sizings, etc. 

2. Gum Resins 

Asafetida, N.F., is a gum resin secreted by various species of Ferula , 
containing about 40 to 60 per cent of resin consisting chiefly of ferulic 
acid and a ferulic acid ester of asaresinotannol, 25 per cent gum, and 
3 to 6 per cent of volatile oil. The gum resin is used as a stimulant 
and antispasmodic. 

Gamboge, N.F., is a gum resin obtained from Garcinia hanburii, 
containing 15 to 20 per cent of gum and 70 to 80 per cent of resins, con¬ 
sisting of gambogic acid, resin esters, and resenes. It is used chiefly as 
a cathartic. 

Myrrh, U.S.P., is a gum resin exuded from the stem of various species 
of Commiphora, containing 25 to 40 per cent resin, 57 to 61 per cent 
gum, and 2 to 10 per cent volatile oil. The resinous portion is made 
up of a, 0 , and y commiphoric acids, resenes, and complex phenolic 
compounds. It is used as a carminative and astringent. 

Other gum resins of importance include: Ammoniacum, euphorbium, 
galbanum, lactucarium, and olibanum (incense). 

3. Oleoresins 

Aspidium, U.S.P., is a galenical oleoresin obtained by extracting the 
drug, male fern, with ether. The yield equals about 7 to 10 per cent of 
oleoresin. The chief constituents are: volatile oil, fatty oil (70-75 
per cent) filicic acid (filicin), albaspidin, flavaspidic acid, aspidinol, 
flavaspidin, and filmaron. This oleoresin is used as a teniafuge. Its 
therapeutic value is usually attributed to the filicic acid, but all the 
constituents except the fatty oil probably contribute to the activity of 
the oleoresin, especially the filmaron. On ageing, the constituents 
break down into inert substances. 

Capsicum, N.F., is a galenical oleoresin obtained by extracting 
cayenne pepper with ether. The yield equals about 12 to 18 per cent of 
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oleoresin. The chief constituents are: fatty oil, volatile oil, capsaicin, 
capsicine, and resin. The oleoresin is used chiefly as a rubefacient; 
the irritant constituent is considered to be capsaicin. 

Copaiba, N.F., is a natural oleoresin secreted from various South 
American trees of the species, Copaifera. The chief constituents are: 
volatile oil, 40 to 70 per cent, consisting mainly of sesquiterpenes; and 
resins, 30 to 60 per cent, consisting of various copaivic acids, e.g., 
copaivic acid, C20H30O2, and 0-copaivic acid, CnHi 6 0 2 . The consist¬ 
ency of the oleoresin depends on the relative proportions of oil and 
resins. The oleoresin is used as a diuretic and as a genitourinary 
antiseptic. 

Cubeb, N.F., is a galenical oleoresin obtained by extracting cubebs 
with alcohol. The yield of oleoresin equals about 10 to 30 per cent. 
The chief constituents are: volatile oil, fatty oil, cubebin, cubebic acid, 
and resenes. The oleoresin is employed medicinally as a diuretic and 
urinary antiseptic. The therapeutic value is ascribed to the cubebic 
acid, cubebin being inactive and the volatile oil an irritant. 

Turpentine, N.F., is a natural oleoresin secreted by various species of 
Pinus, especially Pinus palustris. When the oleoresin is distilled with 
steam, it yields oil of turpentine (see Volatile Oils) and rosin (see Resins). 

Canada Turpentine, U.S.P., reagent, is an oleoresin obtained from 
Abies balsamca. It contains 15 to 20 per cent of volatile oil and about 
70 to 75 per cent of resinous constituents made up of resin acids and 
resenes. 

Other galenical oleoresins of some medicinal importance are: 
Oleoresin of Ginger, N.F., a galenical oleoresin obtained from Zingiber 
officinalis (U.S.P.), containing chiefly volatile oil, zingiberol, zingiberone, 
and resins, is used as a carminative and pungent. 

Oleoresin of Lupulin (Hops), a galenical oleoresin obtained from 
Humulus lupulus, containing volatile oil, wax, alkaloids, resin acids, 
etc., is used as a simple bitter, e.g., in beer. 

Oleoresin of Parsley Fruit, a galenical oleoresin obtained from 
Petroselinum sativum, commonly known as liquid apiole, containing 
volatile oil, fatty oil, and apiin, a glycoside, is used as an emmena- 
gog. The activity is ascribed to the irritant action of the apiole and 
myristicin contained in the volatile oil. 

4. Balsams 

Benzoin, U.S.P., is a balsamic resin obtained by incision of the trees 
of various species of styrax, containing chiefly a mixture of resins with 
free benzoic acid (Siam benzoin) and cinnamic acid (Sumatra benzoin). 
The resins consist of a mixture of benzoic and cinnamic acid esters of 
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D-suma resinolic acid, D-siaresinolic acid (benzoresinol and siaresinol), 
and a resinotannol. Other constituents such as styrene, benzaldehyde, 
vanillin, propyl cinnamate, and cinnamyl cinnamate also occur in 
benzoin. 

Peru, U.S.P., is a balsamic oleoresin obtained by incision of the tree 
Myroxylon pereirae. It contains about 30 per cent resin consisting of 
esters of cinnamic and benzoic acids and a resinotannol. The liquid 
portion, comprising 50 to 65 per cent of the balsam, consists of benzyl 
benzoate, benzyl cinnamate (cinnamein), and cinnamyl cinnamate 
(styracin). It is used as an antiseptic and parasiticide. 

Amberlite and Resinat are examples of synthetic inert, insoluble, 
plastic polyamine formaldehyde resins which are ground to a fine 
granular powder and administered in capsules in the therapy of gastric 
acidity. The effectiveness of these resins is reported to result from their 
capacity to exchange positively or negatively by reversible absorption 
rather than ion exchange and without direct participation in a chemical 
reaction. They are used to treat the symptoms of hyperacidity and to 
treat peptic and duodenal ulcers. Resin therapy of gastric acidity has 
the advantages that it does not cause constipation, irritation, eructation, 
or alkalinization and does not cause hyperacidity rebound or remove 
chlorides; the resins may also absorb toxic substances from the intes¬ 
tinal tract. 1 

Tolu, U.S.P., is a balsamic oleoresin obtained from incisions in the 
trunk of the tree Myroxylon balsamum. It contains 70 to 80 per cent 
of resin which consists mainly of toluresinotannol combined with ben¬ 
zoic and cinnamic acids. The balsam also contains free benzoic and 
cinnamic acids and about 8 per cent of a volatile oil consisting mainly 
of benzyl benzoate. It is used as an expectorant and antiseptic. 

Storax, U.S.P., is a balsamic oleoresin obtained by incision of the 
trees Liquidambar orientalis or Liquidambar slraciflua. The storax as 
marketed is usually purified by solution in alcohol, filtration to remove 
vegetable debris, and evaporation of the alcohol. It contains phenyl- 
ethylene, cinnamyl cinnamate, ethyl cinnamate, cinnamic acid, vanillin, 
etc. The total cinnamic acid content is about 40 to 45 per cent. The 
balsam is used as a bactericide. 

5. Glucoresins (cathartic resins) 

Ipomoea, N.F., is a galenical resin obtained by the extraction of 
Mexican scammony. Ipomoea root yields 12 to 18 per cent of resins 
composed of a complex mixture. On hydrolysis, they yield jalapinolic 
acid, its methyl ester, glucose, and a methyl pentose. 

1 “ Resin Therapy of Gastric Acidity,” Am. Prof. Pharmacist, 13, 912 (1947). 
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Jalap, N.F., is a galenical resin obtained by the extraction of jalap 
root. Jalap root yields from 2 to 20 per cent of resins consisting ch.efly 
of the glycosides of convolvulinic and ipurolic acids (jalapin) an 

acids (scammonin). . .. 

Podophyllum, N.F., is a galenical resin obtained by extracting podo¬ 
phyllum. The rhizomes yield about 3 to 10 per cent of resin consisting 
of podophyllotoxin, C ls H„0« (see page 271), and small amounts of resin 
glycosides, resenes, starch, gum, etc. Podophyllum resin has een use 
with some success by application in suspension for the treatment o 

granuloma inguinale and venereal warts. 

Some of these products such as ammoniacum, galbanum, and asa- 
fetida may better be classed as oleo-gum resins on the basis of their 
constitution. Again some of these products may be classified as galencia 
preparations, e.g., podophyllum and jalapa, as opposed to natura 
resinous substances. 


The uses of resinous substances are numerous and various. Some of the more 
important uses are as follows: (1) Fine varnishes; copal, dammar, elemi, amber, 
sandarac, and mastic. (2) Cheap varnishes; colophony. (3) Ornamental objects; 
amber. (4) Paper sizing; rosin and acaroid resins. (5) Printing inks; elemi. 
(6) Lithograph work; mastic. (7) Staining; dragon’s blood. (8) Sealing waxes; 
shellac and rosin. (9) Soaps; rosin and resinates. (10) Sizing in hats, crepe, etc.; 
shellac. (11) Medicinal agents; guaiac, asafctida, balsam of Peru, etc. 

In recent years, a number of products of a resinous nature have been prepared 
synthetically by the condensation of phenols and aldehydes, etc. Such products are 
known as Bakelite, Redmanol, and Condcnsite, and they arc used extensively in 
lacquers, ornamental objects, furniture, electrical insulators, metal lacquers, cements, 
plastic moldings, artificial leather, etc. 

The chemical examination of the resins and oleoresins and similar 
substances involves the separation and examination of various constit¬ 
uents; certain qualitative and quantitative tests, such as tests for 
certain common adulterants; determination of physical properties, e.g., 
color, odor, taste, consistency, solubility, and specific gravity; and the 
estimation of various chemical constants, such as the ash content, acid 
number, saponification value, and iodine number. 


ENZYMES 

The myriad chemical reactions that the living cell performs in such a 
facile manner are made possible by enzymes or biological catalysts. 
Enzymes may be defined as soluble, colloidal, organic catalysts pro¬ 
duced by living organisms but not necessarily dependent on living cells 
for their activity. The name enzyme was proposed by Kuhne (1867) 
and means “ in leaven,” thus early associating enzymatic activity with 
fermentation. 
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The catalytic nature of enzymes was clearly understood by Berzelius 
who, in 1885, pointed out that the properties of catalysts in general are 
strikingly similar to the active agents found in living cells. He coined 
the word “ catalysis ” (Gr. “ entirely loose ”) to describe the general 
phenomenon and considered enzymes a special class of catalysts. The 
powerful catalytic power of most enzymes can be appreciated by con¬ 
sidering the number of molecules of substrate , i.e., the substance being 
acted upon, decomposed per minute by one molecule of enzyme. For 
the enzyme catalase, which decomposes hydrogen peroxide, this “ turn¬ 
over number ” is 5,000,000. In general, enzymatic reactions are dis¬ 
tinguished from ordinary catalytic reactions in that they are more speci¬ 
fic, they have an optimum temperature and pH for the reaction, and 
the effect of changing substrate or enzyme concentration is not always 
that predicted by simple chemical theory. 

All enzymes form colloidal solutions, possibly because all the enzymes 
isolated thus far are proteins. The same lack of knowledge concerning 
the intimate chemical character of the proteins characterizes enzyme 
chemistry. Much of the manipulative skill learned in handling proteins 
has been applied to the isolation of enzymes and the reconstruction of 
enzyme systems. Like proteins, enzymes have very large molecular 
weights and dialyze through membranes with extreme difficulty. Thus, 
their colloidal nature prevents their diffusing out of the cell containing 
them and affecting chemical reactions in some other locality. 

Although many enzymes seem to consist entirely of protein, a large 
number have attached to the protein moiety a low-molecular-weight, 
nonprotein fragment known as the prosthetic group. Enzymes of the 
latter type are called conjugated (not to be confused with conjugation 
as applied to specific, unsaturated organic molecules) proteins. Although 
the prosthetic group can sometimes dissociate from the protein portion, 
it is more or less firmly and intimately bound and is unequivocally 
essential to the functioning of the enzyme. The prosthetic groups of 
many enzymes have been isolated and their chemical structure deter¬ 
mined, thus greatly aiding the elucidation of enzyme action. 

In addition to the prosthetic group, still another addendum is required 
for the performance of many enzymes. This addendum may be simple 
inorganic ions or complex organic molecules. These cooperating sub¬ 
stances were given the name “ coenzymes ” by Bertrand (1897). The 
coenzymes are only loosely and temporarily attached to their protein 
partners, but both prosthetic groups and coenzymes are absolutely essen¬ 
tial to the catalytic reactions in which they take a definite chemical part. 

Nomenclature and Classification of Enzymes. Unfortunately, the 
orderly systemization of general organic chemistry does not obtain in 
the nomenclature of enzymes. As in the development of organic chemi- 
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e„ nomenclature, enzymes were £ 

covered, e.g., pepsin, trypsin, et • substrate acted 

dUCGd and Adding Examples are amylase (acts upon 

starch, amylum), esterase (hydrolyzes esters), protease (d.gestsprotems), 

— the hydrolytic and the oxidative enzymes. The hydrolytic enzym 
include lipases (fat-splitting enzymes) and proteases Pr»te> n JPl« 
enzymes) The oxidative enzymes (ox.dases) include the dehydro 
genases (hydrogen-acceptor enzymes). Many enzymes 
further according to the type of prosthetic group which they bear Tor 
example, the flavoproteins constitute an important group of respiratory 
enzymes, all possessing riboflavin in the prosthetic group. 


Factors Influencing Enzyme Activity 

Enzyme Concentration. If the optimum excess of substrate is present , 
the reaction velocity is usually directly proportional to the enzyme con¬ 
centration. If the initial concentration of enzyme used to catalyze a 
reaction is doubled the reaction rate is usually doubled, but it has been 
observed that in some reactions it is necessary to quadruple the quantity 
of enzyme in order to double the rate of reaction (Shutz rule). 

Substrate Concentration. The velocity of an enzymatic reaction 
increases as the concentration of the substrate increases but only up to a 
definite maximum and not in exact proportion. Then with increasing 
amounts of substrate the velocity continues more or less at a constant rate. 

Temperature. Temperature exerts a dual effect on enzymatic 
kinetics. Reactions catalyzed by enzymes display the same phe¬ 
nomenon of increased rate with increased temperature as other catalytic 
reactions (van’t Hoff’s rule). However, since enzymes are proteins, 
nearly all are irreversibly destroyed by heating to 80° C. Thus, for 
each enzyme there exists an optimum temperature at which these two 
effects are in balance. It is now generally recognized that the optimum 
temperature is not a constant for a given enzyme since wide variation is 
shown with such factors as enzyme and substrate purity, presence of 
activators and inhibitors, and the method employed in determining the 
rate of the reaction. 

Hydrogen-Ion Concentration. The restricted range of pH in which a 
given enzyme displays its maximum activity is one of the leading 
features of enzymatic catalyses. This “ optimum pH ” may vary from 
a low of 2.0 for pepsin to a high of 8.0 for trypsin. However, as J. B. 
Sumner points out, it must be recognized that the optimum pH for a 
proteolytic enzyme varies somewhat depending upon the nature of the 
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protein acting as substrate. The optimum is also affected by the 
degree of purity of the enzyme and the length of time during which it 
acts. Modern enzyme studies exercise great care in the employment of 
buffers; even the type of buffer exhibits its own unique effect. 

Specificity of Enzymatic Reactions. The distinguishing motif of 
enzymes as catalysts is their unique specificity of action. They show 
three general types of specificity: (1) absolute, (2) relative, (3) stereo¬ 
chemical. As an example of absolute specificity, lipase attacks neither 
proteins nor carbohydrates, but only fats. As an illustration of relative 
specificity, 0-glycosidase hydrolyzes some 0-glucosides many times faster 
than other glucosides. To the organic medicinal chemist, probably the 
most interesting type of specificity is the stereochemical. Thus we find 
that D-amino oxidase attacks the “ non-natural ” or D-amino acids and 
leaves the L-isomeride unscathed. If the D-amino oxidase is allowed 
to react with a DL-compound, only the D-component will be destroyed 
leaving the L-compound intact. This method has been applied with 
advantage to preparative purposes by several investigators (Behrens, 
Dekher, and Fruten) and is generally overlooked. 

Mechanism of Enzyme Action 

Concerning the mechanism by which enzymes exert their catalytic 
influence there is plenty of speculation, much of which, however, has 
meager experimental support. In the following discussion the more 
controversial issues will be avoided and only the better established 
theories presented. 

Most authorities agree that enzymes unite with their substrates to 
form an unstable enzyme-substrate complex, which may either reversibly 
dissociate into the initial components or break down into the free en¬ 
zymes and reaction products. Stern, studying the action of catalase 
on monoethyl hydrogen peroxide spectrometrically, has demonstrated 
the formation of an unstable intermediate catalase-ethyl hydrogen 
peroxide compound. Keilin has provided additional direct evidence 
for the formation of an enzyme-substrate complex between peroxidase 
and hydrogen peroxide. As stated before, the complete enzyme usually 
consists of a protein portion (apoenzyme) linked to a low-molecular- 
weight, nonprotein moiety (prosthetic group). It is thought that a 
special group in the protein molecule (the “ active group or center ”) is 
united with the substrate. A concrete example will illustrate the 
statement. Succinic dehydrogenase is the specific enzyme that cata¬ 
lyzes the oxidation of succinic acid to fumaric acid: 

HOCO—CH*—CH 2 —COOH deh * y ^^ se HOCO—CH=CH—COOH 
Malonic acid (COOH—CH 2 —COOH), the next lower dicarboxylic acid 
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contrast to the easily oxidized succinic ac.d-enzyme complex. Thus 
if both acids are placed in the presence of the enzyme a compet.t.oni fo 
Ore active groups of the enzyme protein ensues. Th,s phenomenon of 
competitive inhibition is very common among the oxidation enzymes a 
serves to strengthen the argument for the formation of an enzyme, 
substrate complex. Competitive inhibition offers an explanation of the 
physiological action of many drugs, (for example, physostigmine inhabits 
the hydrolysis of acetylcholine by choline esterase, probably by virtue 
of a structural similarity to acetylcholine), and fundamental work in this 
field should aid the organic medicinal chemist to design better chemo- 

therapeutic agents. » . . . . „ 

Probably one of the most vexing questions of enzyme chemistry is how 
the union of the enzyme-protein to the substrate initiates or facilitates 
chemical reaction. In general accordance with modern theories ol 
chemical reaction, a reactant must be brought to an activated state 
before it can react. This activation requires energy, the energy ot 
activation. The activated molecule then decomposes into the products 
of the reaction. Since the function of catalysts is to reduce the energy 
of activation, it is stated that enzymes “ activate ” or impose a “ strained 
state ” upon the substrate molecule. Pauling 1 offers the following 
interesting explanation: 


The active region of the surface of the enzyme engages a closely complementary 
structure, not in the substrate in its normal configuration, forming what may be 
considered an activated complex for the reaction in which the enzyme is active; 
the strained state of the substrate decreases its activation energy to such an extent 
as to cause the reaction to proceed at an appreciably greater rate. 


The actual mechanism of activation or straining of the substrate 
molecule is one of the frontiers of current biochemical research. 

Role of the Prosthetic Group. The prosthetic groups of the enzymes 
involved in biological oxidations have been isolated, and their function 
fairly well established. For example, D-amino acid oxidase (DAAO) 
catalyzes the oxidation of amino acids of the D-series. Present evidence 
suggests that the reaction may proceed by two steps: 

RCH(NH,)COOH ^ RC(=NH)COOH + H 2 
RC(=NH)COOH + Hs0 Spo -^° OUS RC0C00H + NH, 


1 Pauling, Chem. Eng. News, 24, 1377 (1946). 
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The first reaction is essentially a dehydrogenation reaction (character¬ 
istic of many biological oxidations) and is the catalytic step. The 
second reaction, involving the hydrolysis of an imino group, is spon¬ 
taneous. D-Amino acid oxidase is a conjugate protein and can be 
separated reversibly into a colorless protein and a yellow compound of 
low molecular weight (prosthetic group). Neither portion alone can 
catalyze the oxidation and each is highly specific. The protein portion 
cannot be replaced by any other protein, and the prosthetic group 
cannot be interchanged with other chemical components, even though 
they have similar molecular structure, such as isosters and homologs. 
The prosthetic group has been identified as flavin-adenine dinucleotide 
(FAD). FAD consists of one molecule of riboflavin (vitamin B 2 ) 
and one molecule of adenosine and two molecules of phosphoric acid. 



FUvm.adenine dinuclcotido 

The isoalloxazine portion of the riboflavin can act as a hydrogen acceptor 
(by 1,4 addition) and in turn be reoxidized by molecular oxygen; thus 
the cyclic nature of enzymatic catalyses is illustrated. 



(Only the isoalloxaxine portion of FAD molecule is shown) 


The hydrogen is obtained from step (1) of the amino acid oxidation 
shown above. The oxygen is from the atmosphere. Although FAD 
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can be reduced with fairly strong reducing agents (such 
when completely dissociated from its protein component itcannot, be 
reduced by amino acids unless they have been activated by the comp e 
SdLe Thus it appears that the protein portion of the complete 
enzyme is facilitating the transfer of hydrogen from the “twated 
amino acid-enzyme complex to the flav.n-aden.ne d >^cle ot, de^ The 
reoxidization of the dinucleotide apparently is noncatalyt.c s nee the 
separated, reduced prosthetic group is spontaneously ° xldized 
oxygen The role of the prosthetic group is seen as an intermediate 
carrier between the substrate and the ultimate oxidizing agent of all 


biological systems — molecular oxygen. . . , 

The Role of Coenzymes. These accessory, cooperating materials that 
are of indispensable aid to biological catalyses usually play an elusive 
but vital role. One of the earliest isolations of an organic coenzyme 
was made by Harden and Young in 1904, who found that zymase (the 
enzyme that ferments sugar) when dialyzed lost its activity. The 
dialyzate was found to contain a low-molecular-weight, heat stable 
substance that was essential to the fermentation process. Since 
the time of Harden and Young’s observation, many organic and a host of 
inorganic ions have been found to be essential to specific enzymatic 
reactions. Hellerman has shown, for example, that manganous ion is 
essential to the functioning of arginase (hydrolyzes arginine to ornithine 


and urea). 

The actual mechanism of coenzyme function is well illustrated in the 
field of biological oxidation. The major portion of biological oxidations 
involve the transfer of hydrogen atoms from the compound being 
oxidized (hydrogen donor) to an appropriate acceptor. The specificity 
of the enzymes involved in this transformation extends not only to the 
substrate (hydrogen donor) but also to the acceptor compound. Thus, 
if the acceptor is removed or chemically altered, no reaction ensues. 
These acceptor compounds which are so vital to the integrity of this 
type of oxidation are an example of coenzyme function. Specifically, 
lactic acid under the influence of lactic dehydrogenase undergoes loss of 
hydrogen to the appropriate coenzyme, forming pyruvic acid. This 
coenzyme is known as coenzyme I or cozymase, and it cooperates with 
many dehydrogenases, forming dihydro- or reduced coenzyme I: 


CH3CHOHCOOH -f coenzyme I —> CH3COCOOH + dihydro-coenzyme I 


Dihydrocoenzyme I 4- lactic dehydrogenase —> 

coenzyme I + reduced lactic dehydrogenase 


The reduced dehydrogenase, which is a flavoprotein enzyme, cannot be 
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oxidized directly by molecular oxygen. Still another mediator is 
needed for its oxidation. In vitro studies employ methylene blue as the 
oxygen donor, since reduced (leuco-) methylene blue can be reoxidized 
by molecular oxygen. The biological mediator in this case is unknown. 
The chemical structure of coenzyme I has been established as diphos- 
phopyridine nucleotide (DPN). 



Diphosphopyridine nucleotide 
cocnxymo I 



Dihydroooemyme I 


Note the presence of nicotinamide in the DPN molecule. From the 
above equations it can be seen that an important function of the coen¬ 
zymes is to act as a mediator between the ultimate oxidant, molecular 
oxygen and the substrate. The specificity of enzymatic catalyses again 
is brought into focus by the coenzymes. Whereas most dehydrogenases 
known at present require coenzyme I as the hydrogen acceptor, the 
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coenzyme I. Conversely, those reactions requmng coenzyme 

*"ettpir im 

biological phenomenon of phosphorylation. A br e P 

illustrate this exquisitely intricate process. Muscu ar issu 
vital compound known as adenosine tnphosphate (ATP) whmh under 
the influence of muscle enzymes transfers one of its phosphate groups 
to another muscle component, creatine, thus: 


Adenosine triphosphate + C-tine + Creatine phogphate 

There is a host of such transfers of phosphate radicals, and adenosine 
triphosphate may be considered as the coenzyme for all those phos- 
phorylating enzymes that require its co-operation. 

It should be borne in mind that, whereas prosthetic groups are usually 
highly specific for the enzyme-protein partner to which they are engaged, 
the coenzyme displays a more co-operative behavior, collaborating with 

several enzyme systems. , 

Activators. In addition to the specific co-operating factors mentioned 
above, many enzyme systems require certain inorganic ions in order to 
function at their optima. Thus, the hydrolytic enzyme arginase is 
activated by certain metallic ions — Mn^, Co**, Cd^, and V . 
Pancreatic lipase is activated by bile salts and calcium oleate. These 
provide examples of unspecific activation since the enzymes involved 
show some activity in their absence. These substances serve to activate 
the enzyme in contrast to the coenzymes which play a definite chemical 
part in the reaction catalyzed by the enzyme. A further distinction 
must be made between this nonspecific type of activation and activation 
of the substrate which combines with its specific enzyme protein. 

Occasionally, enzymes are elaborated by living cells in a form devoid 
of all catalytic properties. These enzyme-precursors or “ pro-enzymes 
which require activation before they are able to exert their catalytic 
power are known as zymogens. The classical example of a zymogen is 
trypsinogen. Trypsinogen, as secreted by the pancreas of most verte¬ 
brates, is incapable of attacking proteins. Upon entrance into the 
small intestine, trypsinogen is converted into the active proteolytic 
enzyme, trypsin, by the action of an enzymelike factor, enterokinase. 
According to Baldwin, the action of enterokinase is to remove (pre¬ 
sumably by proteolytic action) a “ mask ” that covers the reactive 
centers of trypsin. This phenomenon of “ unmasking ” is now known 



300 


NATURAL MIXTURES 


to occur in several proteolytic enzymes and presents a unique facet of 
enzyme activation. 

Another type of activation involves a protective mechanism. Many 
enzyme proteins have sulfhydryl groups (SH) as essential components 
of their molecular architecture. These more or less oxidizable groups 
are frequently oxidized by molecular oxygen during isolation of the 
enzymes and thus cause a loss of activity. If reducing materials are 
introduced into the enzyme system, activity is frequently restored. 

Inhibitors. It is well established that many enzymes are inhibited 
by products of their own activity. In the dehydrogenation oi lactic 
acid, the pyruvic acid formed, if allowed to accumulate, would soon 
interfere with the reaction by competing with the substrate. If car¬ 
bonyl-binding agents, such as HCN, hydrazine, etc., are present to 
remove the pyruvic acid, the reaction proceeds smoothly. 

Since the protein moiety of an enzyme depends upon the integrity of 
certain functional groups for its activity, it is to be expected that many 
compounds will combine with these reactive centers, catalytic activity 
thus being destroyed. For example, enzymes that require intact 
sulfhydryl groups for their activity are readily inactivated by heavy 
metal ions (Hg++, Ag+, Cu++), p-chloromercuribenzoate, iodoacetate, 
and other “ sulfhydryl reagents.” In addition to sulfhydryl groups, 
other important protein constituents, such as amino and phenolic 
hydroxyl groups, can be blocked by appropriate reagents, and hence 
inhibition of the enzymes results. 

Another important group of inhibitors functions by interfering with 
the activity of the prosthetic group. Compounds such as H 2 S, HCN, 
and CO will inactivate these enzymes having the iron-porphyrin struc¬ 
ture as their prosthetic group, presumably by direct combination. 

Among the most interesting inhibitors are the antienzymes. These 
unusual substances bear a relationship to enzymes similar to that be¬ 
tween toxin and antitoxin. That these antienzymes are true immune 
bodies is demonstrated by antiurease. Kirk and Sumner developed 
antiurease in the serum of rabbits by repeated injections of crystalline 
urease. This serum yielded a precipitate when added to solutions of 
urease and, when injected into normal rabbits, protected them from the 
usual toxic action of injected urease. Since enzymes are proteins these 
antienzyme phenomena are not too surprising. 

It is hoped that, with the host of synthetic organic compounds avail¬ 
able, their effects upon specific enzyme systems will be explored and 
interaction between enzymes and drugs will be critically evaluated. 

Crystalline Enzymes. Thanks to the monumental work of Sumner, 
Northrop, Warburg, el al., we now have a heartening array of enzymes 
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cannot be used as criteria of purity. Northrop, appiymgthe theoryo, 
the phase rule to protein solutions, worked out the method of 
solubility as an ultimate test of crystalline enzyme purity. 

With purer material to work with and increasing <MP*nbon among 
the organic, physical, and biological chemists it is hoped that a more 

accurate appraisal of living processes is at hand. 

Pancreatin, U.S.P., is a cream-colored powder obtained by the ex 
traction of the fresh hog or beef pancreas. It contains a mix ure o 
enzymes, chiefly amylase, trypsin, and lipase, which digests starches 
and proteins. Administered in the form of enteric coated pills, it has 
value when the pancreatic-juice secretion is deficient or absent, ft is 
destroyed by acids and acts best in slightly alkaline media. It is used 
extensively for the preparation of predigested foods of a starchy or 


protein nature. . , 

Malt Extract, N.F., contains amylolytic enzymes. It is prepared 
by infusing germinating grain with water at 60°, concentrating t e 
liquid and adding about 10 per cent glycerol as a preservative. It 
is often administered as a digestive in combination, e.g., extract of malt 


with cod liver oil. . 

Diastase contains a mixture of amylolytic enzymes obtained from 
an infusion of malt. Its action and uses are similar to those of extract 


of malt. . 

Papain, N.F., is obtained from the juice of the unripe fruit of Canca 
papaya. It contains enzymes which digest proteins and so has been 
called vegetable pepsin. Papain and pepsin have been used to dissolve 
false membranes in diphtheria, croup, etc. For this purpose, the en¬ 
zymes are usually applied as a solution in glycerol and water in con¬ 
centrations of 15 to 25 per cent. 

Bromelin is a proteolytic enzyme obtained from pineapple juice. It 
resembles papain. Interest in the product results chiefly from the 
proposal that it may have value as an anthelmintic. 1 The properties 
and commercial production of bromelin are considered by Balls, Thomp¬ 
son, and Kies. 2 

Rennin, N.F., is a milk-curdling enzyme obtained from the glandular 


1 Berger and Asenjo, Science, 90, 299 (1939). 

2 Balls et al ., Ind. Eng. Chem., 33, 950 (1941). 
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layer of the stomach of the calf. It is used in the manufacture of whey 
and junket. It has been used medicinally in the form of Elixir of 
Pepsin and Rennin, N.F., in the belief that it aids in the assimilation of 
milk and in diabetes, converting glucose to lactic acid. 

Enzymol is an extract prepared from the fresh mucous membranes 
of animal stomachs. It contains gastric enzymes such as pepsin and 
rennin. Applied topically in aqueous solution, it is used as a surgical 
solvent and cell proliferant, dissolving necrotic and sloughing tissues. 
It is used in the treatment of indolent wounds such as old ulcers and 
sores. 

Trypsin is a partly purified proteolytic enzyme from the pancreas 
which digests 100 parts of casein. 

Thromboplastin (Thrombokinase) is probably an enzyme. It plays 
a part in the conversion of prothrombin to thrombin in the blood. 
The thrombin in turn acts as an enzyme to convert the fibrinogen of 
the circulating blood into the insoluble fibrin of the blood clot. Prep¬ 
arations containing thromboplastin are obtained from brain extracts. 
These extracts applied locally in solution or as sprays are used to stop 
hemorrhage especially from oozing surfaces, and in dental practice 
following extractions. A number of extracts are described in N.N.R. 
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CHAPTER VIII 

AMINES AND AMINE DERIVATIVES 

AMINES 

Amines are nitrogenous organic compounds in which ^ nitrogen 
confers the properties that are characterise of ammoma. They m y 
be looked upon as: 

(а) Hydrocarbons in which a hydrogen atom has been replaced by an amino 

or substituted amino group. Kova h PP n substituted 

(б) As ammonia in which one or more hydrogen atoms 

by hydrocarbon radicals. 

Amines are classified as primary, secondary, or tertiary. accord.ng to 
the number of hydrogen atoms in ammonia which are substituted. 

All the amines may be considered as reacting with water, or in solutionjike 
ammonia to form ammonium compounds. The accepted struc ure or 
nium compounds is with four convalences and one clectrovalcnce, 




In the dissociation of the ammonium bases or of the salts it is the 


—N— 

electrovalence which is involved, 




+ X' 


The lowest members of the amine series are combustible gases, soluble 
in water; they possess an ammoniacal odor and in solution are more 
alkaline than ammonia. As is to be expected, the solubility and vola¬ 
tility decrease as the hydrocarbon part of the molecule becomes larger, 
either by a single substituent radical or the summation effect of the 

radicals. . , 

The quaternary ammonium compounds are ammonium compounds 

with all four hydrogen atoms replaced by hydrocarbon radicals. 

The nomenclature and some of the physical properties of some of the 
simpler amines are summarized in Table 37. 
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TABLE 37 


Amines 


Molec¬ 

ular 

For¬ 

mula 

Structure 

Name 

B. P. 
°C. 

M. P. 
°C. 

Sp. Gr. 

Dissocia¬ 

tion 

Constant 
at 25° 
k X 10 ~ 4 

CH»N 

CH,NHa 

Methylamine 

SEC 

-92.5 

0.699-n 

5 O 

C 1 H 7 N 

(CHj)*NH 

Dimethylamine 

Mr 

-96.0 

O. 68 O 0 

7 4 

C,H,N 

C,H*NHa 

Ethylamine 

Mr 

“80.6 

0.689 

5 6 

CjH*—N H—CHj 

Methylethylamine 






(CH # )|N 

T rimethy lamine 

3.5 

-124 

0.662-4 

0 74 


CHjCHaCHjNHj 

n-Propylamine 

48.7 

-83 

0.719 

4 7 

C 4 H 11 N 

(CHa),CHNH, 

Isopropylamine 

34 

- 101.2 

0.694 

5 3 

CHa(CHi)tNHi 

n-Butylamine 

76 

-50.5 

0.740 



CiH t CH (CHj) N Hi 

s«c-Butylamine 

63 

-104.5 

0.718 

4.4 


(CHi)iCHCHiNHi 

Isobuty lamine 

68 

-85.5 

0.736 

3.1 


(CHj)iCNHi 

ter(-Butylamine 

43.8 

67.5 

uptw. 



C,HaN(CH,), 

Ethyldimethylaminc 



_ 



(C,H*),NH 

Diethylamine 

56 


0.711 

12.5 

C.HuN 

CjHjNHCHa 

Propylmethylamine 





CH4(CH,) 4 NH, 

o-Amylamine 

104 

-55 

0.766 



MeiCH (CHj)jN Hi 

I soa my la mine 

95 

-51 

I'M 

5.0 

CflHuN 

CH a N(CiH*) a 

Methyldiethylamine 

FT. 


_ 

2.7 

CH,(CH,),NH, 

n-Hexylamine 

128 

-19 

0.763 



(C,Ht),NH 

Di-n-propylamine 

110.7 

-39.6 

0.738 

10.2 

CtHwN 

(C,H*),N 

Triethylamine 

89.5 

-114.8 

0.728 

6.4 

CHj(CH,)*NH, 

n-Heptylamine 

155.1 

-23 

0.777 


C»H„N 

CH,(CH,),NHi 

n-Octylamine 

180 


0.777 

_ 


(C 4 HO 1 NH 

Di-n-butylamine 

161 

_ 

0.767 

_ 


(C4H,),NH 

Di-isobutylamine 

138.8 

-70 

0.745 

4.8 

C#HjtN 

(CjHt) jN 

Tripropylamine 

156 

-93.5 

0.757 

5.5 

CuHnN 

(C4H,),N 

Triisobutylamine 

191.5 

- 21.8 

0.766 

2.6 

C.H,N 

C.H*NH, 

Aniline 

184.4 

- 6.2 

1 022 

4.6X10“'° 

CrH.N 

o-MeC»H 4 NH, 

o-Toluidine 

a® 

-24.4 

0.998 

3.3X10-'° 


m-NeC.H 4 NH, 

m-Toluidine 


-31.5 

0.989 

5.5X10-'° 


p-MeCJIaNH, 

p-Toluidine 


43.7 

1.046 

2.2X10-* 


CeHiCHjNH, 

Benzylamine 

184 

_ 

0.920 



C#H*NHCHa 

Methylaniline 

195.7 

-57.0 

0.986 

_ 

CioH»N 

C,oH 7 NH, 

ar-Naphthylamine 


50 

1.131 

9.9X10-" 


C.oHtNHi 

CHiCH, 

0 -Naphthylamine 


110.2 

1.061,, 

2 X 10 -'° 

CiHnN 

CH,<^ ^>NH 

CH 1 CH 1 

CH=CH 

Piperidine 


-9 


1.6X10-* 

C»H*N 

CH < > 
CH—CH 

Pyridine 


-42 


2.3X10"° 

NH 4 OH 


Ammonium hydrox¬ 
ide 

B 

' 

B 

1.8X10"° 
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Preparation 

The methods for the synthesis or preparation of amines may be sum- 
marized: 

!. Hofmann’s alkylation process, indicated by the following steps: 

RX + NH, —► RNH, • HX —> (RNH* + HX) 

RX + RNHj —RjNH • HX —(R.NH + HX) 

RX + R.NH —► RsN ■ HX *■ (RsN + HX) 

RX + R.N —*■ [R 4 NI X 

This method gives mixtures of the primaiy, secondary, and tertia^ ammes 

quaternary ammonium salts; it may, under certam condemns, be regu.area 
that one of the products predominates. 

This alkylation method is satisfactory for the synthesis of mixed aliphatic armnes 
but it U not applicable for the introduction of an ammo group into an aromat.o 
nucleus. 

2. Reduction of the nitrohydrocarbons: 

R—NO. —*- R—NH. 

Ai—NO,—»-Ar— NH, 

This method has been especially valuable for the preparation of aromatic amines 
Aromatic hydrocarbons are readily nitrated, and the mtro group may be reduced 
by a variety of processes, e.g., with metal and acid, ammonium sulfide, and cata- 
lytic hydrogenation. 

The recent advance in vapor-phase nitration of aliphat.c hydrocarbone to form the 
nitro paraffins has made available new potential intermediates for the synthesis of 
amines. The technical production of aliphatic amines by this process may be ex¬ 
pected. 

3. Reduction of oximes and hydrazones: 


R—C=NOH R-CH-NH, + HOH 

Jr 


!=N—NHAr 


Hi 


R 


R'—CH—NH 2 + ArNHa 

I 

R 


These steps make it possible to convert aldehydes and ketones into amines 
without change in number of carbon atoms, a carbonyl oxygen being replaced 
with a primary amino group. 

The reducing process is carried out, e.g., by electrolytic methods or by means of 
sodium and alcohol. Catalytic hydrogenation is likely to lead to the production of 
predominantly secondary amines and ammonia, but the formation of secondary 
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amines may be precluded by carrying out the catalytic reaction in the presence of an 
adequate amount of acid. 

4. The Leuckart synthesis by which certain ketones, boiling at 120° or above, 
and aldehydes heated with ammonium formate or formamide are converted into 
the corresponding amines. The use of a substituted ammonium formate gives 
rise to a corresponding N-substituted amine. 1,2 

R' 

I 

R—CO—R' + 2 H—COONH 4 —> R—CH—NH—CH=0 +2 HOH 

+ NHa + CO, 

Formamide derivative 

R' R' 

\ HOH \ 

J)CH—NH—CHO —► ^CH—NH, + HCOOH 

R R 

Amine Formic acid 

5. The reduction of nitriles or organic cyanides: 

R—C=N R—CH 2 NH 2 

This synthesis is valuable since it enables the preparation of amines with an 
extra carbon atom; e.g., nitriles may be obtained from the reaction of alkyl 
halides with alkali cyanides: 

RX + NaCN —► R—CN + NaX 

Here, as with the oximes, various reduction methods may be employed. Catalytic 
hydrogenation forms a mixture of primary and secondary amines. If the reduction 
is carried out in the presence of proper amounts of acid, the secondary amine is not 
formed. 


6. Hofmann's degradation of amides. The amide is treated with bromine to 
form a bromoamide, and it, with alkali, undergoes a rearrangement into an alkyl 
isocyanate, which is decomposed into a primary amine. The complete reaction 
is indicated: 


R—CO—NH, R—CO—NHBr 


*-< 


OK 


NBr 


Bromoamide 


.OK 

R-N=C< 

«r 


WOT? 

KBr + R—N=C=0 —► R—NHa + CO, 

Alkyl isocyanate 


In this reaction, the carbon chain is decreased by one atom. 

The esters of isocyanic acid, from whatever source, may be easily converted or 
hydrolyzed into primary amines, as indicated. 

1 Ingersoll, Brown, Kim, Beauchamp, and Jennings, J. Am. Chem. Soc., 58, 1808 
(1936). 

* Crossley and Moore, J. Org. Chem., 9, 529 (1944). 



AMINES 


309 


7. Gabriel’s phthalimide synthesis of primary amines. An alkali salt 
phthalimide is caused to react with an alkyl halide as follows: 

CO CO 

c£.\k + ^ R-OT. + C*(COOH). 

\ / \ / 

CO co 

The Gabrie. method is valuable for the preparation of prima-y ^m“ 
nated by secondary and tertiary amines. However t^phthal.m^e molecu,, 
large, and in actual bulk relatively large amounts are required, espe y 
synthesis of amines of low molecular weight. 

8. From arylsulfonamides. The amides of the aromatic sulfonic aci Jderiva¬ 
tives are soluble in alkalies. If the salt is allowed to react w.th an alkyl hal c, 
the following reactions occur: 

Ar—SO,—NH, + NaOH —*■ A ^?^HNa + HOH 
Ar-SO,NHNa + XR —» Ar-SO,- NHR + NaX 

Ar —SO*— NHR + HOH —► Ar—S0 2 —OH + R—NH 2 

If the original sulfonamide is an N-alkyl derivative, the reaction will lead to a 

secondary amine: , 

XV 

Ar—SO 2 —NHR + NaOH + R'X —*■ Ar—SO,N^ + HOH + NaX 

R 

Ar—SO,NRR' + HOH —► R-NH—R' + Ar—SO,—OH 

The cleavage of the sulfonamide is difficult. If hydrazine is used the amine is 
much more easily liberated, and the sulfonic acid forms a sulfonhydrazide, 
Ar—SO,—NH—NH,. 

9. The methylated amines may be conveniently synthesized from ammonia 
and formaldehyde. It is possible to prepare primary, secondary, or tertiary 
amines of reasonable purity by a series of reactions: 

OH HOH 

—► CHj=NH Hello 


(a) 


HCHO + NHj 


HCH^ 


NH, 


OH 


0) 


HCHO + MeNH, 


(c) HCHO + 2 MejNH 


HCH<^ — 

NHMe 

NMe, 

/ 110 ° 

CH<^ —> 

NMe* 


CH3NH2 + HCOOH 

HOH 

► CHj=NMe ^3^5 
CHj—NHMe + HCOOH 
NMe, + CHj=NMe 
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10. Secondary amines may be conveniently prepared by the hydrogenation 
of SchifPs bases. A ketone or an aldehyde is condensed with a primary amine; 
the product is then reduced catalytically. 

R R R 

/CO + HjN—R" ^2 /C=N—R" -S>- /CH—NH—R" 

R' R' R' 

Aldehydes react similarly (R' = H). This reaction with ethanolamine is em- 
ployed to prepare 2-aikylaminoethanols. This type of reaction was employed 
to excellent advantage in preparing intermediates for use in the program spon¬ 
sored by the National Research Council for the synthesis of prospective anti- 
malarials, especially those of the mepacrine type. 

11. Hydrogenolysis of benzylamines. The N-benzyl bond, in many instances, 
is amenable to catalytic hydrogenolysis: 

R R 

^N-CHaCeHs-^ ^>N-H + CH 3 CeH B ‘ 

R' R' 

thus affording another method for the synthesis in pure form of many primary 
and secondary amines. By conversion of the benzylamine into a quaternary 
ammonium salt it becomes possible to remove the benzyl group by chemical 
hydrogenolysis, e.g.: 

^n-ch 2 c*h 6 ?5£ 

R' 

R 

Na+EtOH \ N _ CHj + NaX + CH , C6 H 6 

R' 

12. The Mannich reaction 1 for the synthesis of /3-amino ketones: 

/ I / 

RCO—CH 2 — + H 2 CO + HN^ —► RCO—CH—CH 2 N^ 

In this useful procedure primary, secondary, and tertiary amines are obtained 
by employing ammonia, a primary amine, or a secondary amine, respectively. 
Some aldehydes and occasional acids react in a manner similar to the ketones. 

Properties 

The chemical properties of amines, or of the amino group, are shown 
by various characteristic reactions; the most important of these are: 

1 Blicke, Organic Reactions , 1, 303 (1942). 


R CH 3 

\ N / 

/\ 

R' CHiCiHiJ 
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''=iS-H“3S==H= 

as being derived from the substituted ammonium hydroxide, e.g., 


RNHj + HOH 


[RNHJOH 

[RjNHjOH 


RNH,+ + OH 
R,NH + OH 


R,N + HOH 

Such an ammonium ion will react with an anion to form salts of the ammo- 
nium type: 

RjNH + X -<-► [RjNH] X 

The replacement of a hydrogen in ammonia increases base-strength iff the sub¬ 
stituting group is aliphatic; the greatest alkalinity is found in quaternary amnon um 
ions. Tetramethylammonium hydroxide is nearly as strong a base as is sod.um 

^If'th'e substituting radical is aromatic, the resulting amine is a weaker tajH 
ammonia. A diarylamine is so weakly alkaline that .t forms salts with difficulty, 
and its salts are very likely to prove unstable (see Table 37). 

The amino group is a solubilizing group, and its conversion into an ammonium 
salt increases its solubilizing effects. Therefore, the salts of amines are 
usually quite soluble in water, and the presence of quite large, nonsoluble 
hydrocarbon radicals is required to overcome this property. 

2. Reactions with chlorides of organic acids. Tertiary amines do not react, but 
primary and secondary amines form amides, as follows: 

R-NH, + R'—CO—Cl —► R'-CO-NHR + HC1 


R 2 NH + R'-CO-X —► R'—CO—NR 2 + HX 

3. Reactions with chlorides of organic sulfonic acids. This is a special applica¬ 
tion of the previously mentioned reactions. Since the sulfonamides of 
primary amines are soluble in alkaline solution, this reaction makes possible 
the characterization of primary, secondary, and tertiary amines and their 
separation. It is known by the name of the man who discovered it, hence 
the Hinsberg method. The reactions are summarized: 

(a) RNH 2 4- ArS0 2 Cl —>• R—NH—SO 2 —Ar 

Alkali soluble 


(6) R 2 NH + ArS0 2 —Cl —► R 2 N—S0 2 —Ar 

Alkali insoluble 


(c) No reaction with tertiary amines. 

It is suggested that reference be made to some standard book on qualitative organic 
analysis for the details of the application of the Hinsberg method of distinguishing 
between the three types of amines. 
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4. Reactions with acid anhydrides. The general reactions may be indicated: 

(а) (RC0) 2 0 + R'NH 2 —► R—CO—NHR' + R—COOH 

(б) (R—C0) 2 0 + R' 2 NH —R—CO-NR' 2 + R-COOH 
(c) No reaction with tertiary amines. 

5. Isonitrile or carbylamine reaction for primary amines. This reaction is 
indicated: 

R—NH 2 + HCC1, + KOH (alcoholic) —► R—NC 

Carbylamine 

This reaction is frequently employed to detect qualitatively the presence of 
primary amines. In carbylamine a carbon atom is divalent. Carbylamine 
is toxic and extremely obnoxious. 

6. Reactions with nitrous acid. These are very characteristic, and there is a 
fundamental difference between the behavior of aliphatic primary amines and 
that of aromatic primary amines toward this acid. The aromatic amines 
form stable diazonium derivatives, which are valuable in various syntheses. 

(a) The discovery of the diazonium compounds by Peter Griess in 1858 was 
of the utmost importance, not only to the dye industry but to the develop¬ 
ment of chemistry as a whole, including medicinal chemistry. The reac¬ 
tion is indicated: 

Ar—NH 3 +C1 + HONO —► Ar—N(=N)+C1 

Diazonium salt 


The diazonium salts are generally soluble in water and, because of their 
explosive instability, are difficult to isolate. The diazonium borofluo- 
rides, however, are an exception since they may be isolated and, when 
dry, are relatively stable over extended periods of time at room tem¬ 
perature. 

The diazonium group may be replaced by various other groups. The 
replacement is sometimes catalyzed by means of cuprous salts or finely 
divided metallic copper. The diazonium displacement reactions may be 
summarized: 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 
(7) 


Ar-NiX + HOH 
Ar—N,X + KCN 
Ar—NjX + KI 
Ar—N 2 X + Na^AsOj 


Ar—N 2 Br + (Cu 2 Br 2 ) 
Ar—NjX + NaN0 2 
Ar—N 2 X + HgX 2 + Cu 


Ar—OH + N 2 + HX 

Ar—CN + N 2 + KX 

Ar—I + N 2 + KX 

Ar—As0 3 Na 2 + N 2 + NaX 

Ar—Br + N 2 

Ar—N0 2 + N 2 + NaX 

Ar—HgX + CuX + N 2 


Reduction of the diazonium compounds with sodium sulfite results in the 
formation of the arylhydrazines: 


- N 2 —X N -^‘ Ar—NH—NH 2 
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The arylhydrazines, particularly phenylhydrazine, J° 

acterize aldehydes and ketones. The derivatives are known, « hydra 
zones. Coupling of the diazonium compounds with other compou 

results in the formation of dyes. „i„ rt kr.l 0 thp 

(b) Primary aliphatic amines react with nitrous acid to form alcohols, 

' * amino group being replaced by the hydroxyl; it « th» 

reaction also passes through an unstable diazomumhke intermediate. 

R—NH, + HONO —► (R—N,—X) —> R—OH + Nz 

In the secondary amines the distinction between aromatic and aliphatic 
amines vanishes in the reaction with nitrous acid; both form mtrosoamines. 

ArjNH + HONO —*■ Ar 2 N—NO + HOH 
R,NH + HONO —*■ RjN—NO + HOH 

Tertiary aliphatic amines react with nitrous acid to form salts: 

RjN + HONO—► [R 3 NH]ONO 


Tertiary aromatic amines form p-nitroso derivatives, e.g.: 

R aN <(3 + HONO —> HOH + R 2 N<^ ^>—N=Q 

7. Reactions with carbon disulfide. Both primary and secondary amines react, 
in alcoholic solution, as follows: 

2RNH* + CS,—► R—NH—C—S—NRH 3 

II 

S 


2R 2 NH + CS 2 —► R 2 N—C—S N R 2 H 2 

II 

S 

to form the substituted ammonium salts of the N-substituted dithiocarbamic 
acid. The derivatives from the primary amines decompose on treatment 
with mercuric chloride into alkyl isothiocyanates, or mustard oils. 

R—NH—C—S—NRH 3 R—NH—CS—S—HgCl —► R N=C=S 

II 

S 

This is the basis of Hofmann’s “ mustard oil reaction ” for the detection 
of primary amines. Tertiary amines do not react with carbon disulfide. 

8. Dealkylation. This is, in a sense, the reverse of Hofmann’s synthesis. If 
the hydrochloride of an amine is distilled at a high temperature, an alkyl 
chloride splits off; if a methyl group is present, it is split off preferentially. 
By employing this reaction it is possible to convert a tertiary amine into a 
secondary amine. 

The Herzig-Meyer method of estimating N-methyl groups is based on this 
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reaction. It resembles somewhat the Zeisel method for determining methoxyl 
groups. It is carried out by heating the alkylated base to 200° to 300° in a 
concentrated solution of hydrochloric or hydriodic acid. 

9. Exhaustive methylation. The quaternary ammonium hydroxides also de¬ 
compose on heating. However, here, if possible, the alkyl splits out as an 
olefin, e.g.: 

[Mej=N—Et]OH —► HOH + CH 2 =CH 2 + NMe* 


This reaction, discovered by Hofmann, has found wide application in the 
synthesis of olefins and particularly in the elucidation of the structure of 
complex substances. It is known as the process of exhaustive methylation. 
In practice the base is converted into the quaternary compound by means of 
methyl iodide; this is converted into the quaternary base, which decomposes 
on heating. Identification of the fragments frequently gives a clue to the 
structure of the original compound. For example, pyrrolidine by this pro¬ 
cedure may be converted into butadiene and trimethylamine. 


CH a - 

I 

CH, 

\ / 

NH 


CHj 

I 

CHj 


Mel 


'HaC- 

1 

HaC 

“■CHa 


“HaC- 

1 

HaC 

—CHj 

1 

1 

CHa 

I HO > 

1 

CHa 

\ 

/ 


\ 

/ 

N 


N 

/ 

\ 


/ 

\ 

LMe 

Me _ 


L Me 

Me _ 


OH 


H—C—CH a 

II I 

H a C CHa 

I 

NMea 


Me l HOH 
Alkii 


H—C—CHa 

II I 

HaC CHa 

I 

NMe*J 


OH 


CHj=CH—CH=CHj + NMea + HOH 

Butadiene 

If the carbon atom in the ^-position to the amino-nitrogen has no available 
hydrogen atom to permit olefin formation, the group is eliminated as an alcohol, 
e.g.: 

[CjH 6 CHjNMea]OH —> CeH 6 CH 2 OH + Me a N 


The Ammonia System of Organic Compounds 

Many of the properties of the amines may become better understood by looking 
upon them as analogs or isosters of the corresponding oxygen compounds. For 
example, oxygen, at the head of group VI in the periodic table, forms * compound, 
water, by combining with two atoms of hydrogen. Nitrogen at the head of K™up V 
in the periodic table, forms a hydride with three atoms of hydrogen. Hence, am- 
monia is a nitrogen analog of water. 
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This analogy between water and ammonia also is seen in the hydrated 
in the ammines, e.g., calcium chloride will take up ammoma quite m ^easdy as 
ud water or alcohol. The cobaltanunines are much like hydrated salts. 

P If one hydrogen atom of water is replaced by an alkyl group, the eompound w a 
alcohol; when both hydrogens of water have been replaced by alkyl groups, the result 
is an ether. The parallelism between certain compounds of oxygen and analogous 
ammonia derivatives may be indicated 


H—0—H, 

water 

H—N—H, 

1 

ammonia 




1 

H 


R—( 

)—H, 

alcohol 

R—N—H, 

1 

H 

primary amine, one 
hydrogen atom replaced 




R-N-H, 

1 

R 

secondary amine, one 
hydrogen atom remains 

R—( 

>-R, 

ether 

R—N—R, 

1 

R 

tertiary amine, no 
hydrogen atom. 


The trivalency of nitrogen adds slight confusion to the general conception, but it is 
evident that the primary and secondary amines are ammono-alcohoU ; i.e., in ammonia 
they show properties like those of the alcohols in water. 

An ammono-acid has the —OH group of the carboxyl replaced by —NH—; i.e., 
it is an acid amide. A base in the ammonium system is ammonia with a hydrogen 
atom replaced by an alkaline metal, e.g., NaNH,, sodamide. Sodamide dissolved in 
ammonia reacts basic just like sodium hydroxide in water. Hence, the analogous 
neutralization reactions may be written in general terms: 

In ammonia: R—CO—NH, + NaNH, —► R—CO—NHNa + H—NH, 

In water: R—COOH + NaOH —► R—COONa + H—OH 

The philosophy and general conceptions of the ammonia system of organic com¬ 
pounds have been developed by E. C. Franklin. 1 If workers in the fields of amines 
would apply more generally the principles and ideas described and so excellently 
employed by Franklin, it is possible that greater progress might result in the me¬ 
dicinal and pharmaceutical development of nitrogen compounds. 


Occurrence. • • • • 

The simple aliphatic amines probably do not occur as such in nature. 
Methylamine has been reported in Mercurialis perennis and M. annua , 
but the possibility of its appearing as a decomposition product during 
the isolation is not precluded. The methylamines, MeNH 2 , Me 2 NH, 
and Me 3 N, are found in fish brines, arising as protein degradation prod- 

1 The NUrogen System of Compounds , Reinhold Publishing Corp., New York, 1935. 
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ucts. For example, trimethylamine appears as a ready degradation 
product of betaine, 

+ — 

Me 3 NCH 2 COO, or choline, lMe 3 NCH 2 CH 2 OHJOH 

Methylamine is probably a decarboxylation product of glycine, NH r 
CH 2 COOH. 

The amines that occur as putrefactive products of proteins and may 
be formed by decarboxylating amino acids include: 


(CH 3 ) 2 CHCH 2 —CH (NH 2 )—COOH 

Leucine 

CsHsCH,—CH (NH 2 )-COOH 

Phenylalanine 


MejCHCHjCHjNHj 

Isoamylamine 

C e H s CH ! CH,NH 2 

Phenylethylamine 


p-HO—C«H,—CHr-CH(NH,)—COOH p-IIOC 6 H,CH 2 CH 2 NH 2 

Tyrosine Tyramine 


NH 2 — (CH 2 ) 3 CH (NH 2 )—COOH 

Ornithine 

NHi— (CH 2 ) 4 —CH (NH 2 )—COOH 

Lysine 


i££nh 2 

i££NH 3 


-(CH 2 ) 4 —NH 2 

Putrescine 

-(CH,) 5 -NH, 

Cadaverine 


Putrescine and cadaverine are called ptomaines. Although they are 
poisonous, it is probable that their toxicity has been overrated in the 
popular mind. 

Spermine is a tetramine of the structure 

NH 2 — (CH 2 ) 3 —NH— (CH 2 ) 4 —NH— (CH 2 ) 3 —NH 2 
proved by the synthesis: 

2C 6 H 6 OCH 2 CH 2 CH 2 Br + NH 2 —(CH 2 ) 4 —NH 2 —► 


C*H 6 0- (CH 2 )3—NH— (CH 2 ) 

Br— (CH 2 ) 3 —NH— (CH 2 ) 4 —NH— (CH 2 ) 3 —Br 
NH 2 — (CH 2 )j—NH— (CH 2 ) 4 —NH— (CH 2 ) 3 —NH 2 


NH—(CH 2 ) 3 OC 4 H s 
nh, 

NH-(CH 2 ), 


HBr 


The simple amines are of no particular physiological or medicinal 
importance. Recently hw(/3-cyclohexylethyl)-methylamine, 


' ch 2 ch 2 

/ \ 


ch 2 

\ / 

ch 2 ch 2 


CH—CH 2 CH 2 


2 NCH 3 , 
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known as cyverine, has been examined as ^ hydrochlonde to po«Ue 
papaverinelike action.- * An aromat.c analog, 

NCjHs, Sestron, is reputed to possess a spasmolytic action 2.3 times 

greater than that of papaverine.’ „ x 

Tuamine, N.N.R. (Racemic 2 -Ammoheptane), CH 3 
CH(CHj)—NHs, b.p. 138.5-142.5°, is a colorless or pale-yellow liquid, 

slightly soluble in water and readily soluble in alcohol, ether ' 
form, or benzene. It is used in an inhaler device in the form of the car¬ 
bonate for effective treatment of nasal conditions and in the form of the 
sulfate in 1 to 2 per cent isotonic solutions for application to mucou 

membranes. . . - 

In a series of 39 isomeric and homologous primary amines from 
CiHuNHj to CiiHmNH* it was found that greatest pressor activity 
resides in those compounds in which the amino group is attached to 
the second carbon atom in the chain, that is, in compounds of type 
RCH(NH 3 )CH 3 .‘ 

Oenethyl Hydrochloride (2-Methylaminoheptane Hydrochloride), 
CH 3 — (CH 3 ),CH(NHCH 3 )CH 3 HC1, is a water-soluble, vasopressor 
substance recommended for use against the hypotension associated with 
spinal anesthesia. It is usually administered in aqueous solution intra¬ 
venously or intramuscularly while the blood pressure is being continu- 
ously checked. Given intravenously to dogs, it produces a marked rise 
in blood pressure, a profound constriction of the nasal vessels, and 
shrinkage of the nasal walls. 6 

/3-Substituted ethylamines,e.g., (C 4 H«) 2 CHCH 2 NH 2 , [(CHsHCHCH*- 
CH 2 ] 2 C(C 2 H 6 )CH 2 NH 2 , and (C.H I3 ) 2 C(C 2 H 6 )CH 2 NH 2 , have strong 
spasmolytic properties. 6 

Colchicine, U.S.P., is the chief constituent of the meadow saffron, 
Colchicum autumnal Linn6 (Liliaceae), being obtained from the seeds 
and corm of the plant. It is a slightly yellow powder, darkening in 
color on exposure to light, ra.p. 140-146°, and soluble in water about 
1 :20. It often gives dramatic relief from acute attacks of gout. The 
manner of its action is unknown but it does not affect uric acid metabo¬ 
lism and does not relieve other types of pain or inflammation. It is 
usually administered in the form of tablets or as the powder in cap¬ 
sules. 


1 Lehman, J. Pharmacol., 71, 317 (1941). 

* Popkin, J. Pharmacol ., 71, 320 (1941). 

8 Kiilz, Rosenmund, et al., Ber., 72, 2161 (1939); C.A., 34, 3243 (1940). 

4 Swanson and Chen, J. Pharmacol., 88, 10 (1946). 

6 Shirkey and Jackson, Ann. Olol. Rhinol. Laryngol., 55, 859 (1946); C.A., 41, 
3206 (1947). 

6 Allardt and Junkmann, U.S. pat. 2,361,524; C.A., 39, 2179 (1945). 
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Windaus 1 advanced a phenanthrene structure for colchicine. More recently Cook* 
and others have suggested that the middle cycle consists of seven members. This 
is confirmed by degradation reactions which may be summarized :* 


CH.OC 


CHiOC 


CH CH, 

' \ / \ 

C CH, 


CH—NHCOCH, 


C C 

s / \ / X 

C C CH 


firat with dilute 

acid, then with 
alkaline hypoiodite 


O HC C=0 
CH, \ / 

C 

II 

CHOCH, 

Colchic me 


CH CH, 

✓ \ / \ 


CH.OC 


CH, 

methylation, 

CH NHCOCH, th ^ olion 


CH.OC C C 

X / \ ✓ \ 

C C CH 


O HC C—OH 

CH, \ / 

C 

I 

N-acetyliodocolchinol 


CH CH, 

/ \ / \ 

CH.OC C CH, 


CH«OC 


C 

, / \ . 
c c 


CH—NHCOCH, 

I 

C 


\ 


CH 


deacetyl ation, 
then Hofmann 

exhaustive 

methylation 


O HC C—OCH, 

CH, X / 

CH 

N-acetylcolchinol methyl ether 

* Windaus, Ann., 439, 59 (1924). 

* Cook el al., J. Chem. Soc., 1944, 325; 1945, 176. 

* Tarbell, Frank, and Fanta, J. Am. Chem. Soc., 68, 502 (1946); 70, 1669 (1948). 
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(KMnOO 


CHaOC 

I 

CHaOC 


X C / COOH 


CH,OC C C 

N / \ ✓ \ 

c c CH 

I I H 

O HC C—OCH. 

CH, X / 

CH 

Deamioocolchinol methyl 
ether 


c 

> / \ * 

c c 


\ 


O HC 
CH, X / 
CH 


Xenylacetic acid derivative, 
possible oaly il center 
cycle is seven membcrea 


CH 

II 

C-OCH, 


The use of colchicine' as a means of doubling chromosomes has opened a large 
reservoir of research possibilities in plant genetics. Any numcr.cal change m chro- 
mosome number entails a mutation which becomes evtdent in a number of the charac 
ters of the experimental plant. New species of plants of economtc value may result 
from further research. 


QUATERNARY AMMONIUM SALTS 

Tetraethylammonium Chloride (Etamon, TEA), (CiH^NCl, in con¬ 
centrations of 0.2 per cent or higher increases the contractions of the 
isolated frog heart. 2 It blocks transmission of nervous impulses through 
autonomic ganglia, 3 and in man suitable doses decrease arterial blood 
pressure, cause increase in blood flow through the extremities, increase 
the heart rate, and decrease gastrointestinal motility and postural 
hypotension. 4 Clinically it has been used successfully in the treatment 
of hypertension and various peripheral vascular diseases, including 
arterial obliterans, Raynaud’s syndrome, trench and immersion foot, 
etc. 6 

A study 6 was made of the relationship of chemical structure to germi¬ 
cidal activity in a series of quaternary ammonium salts of the type 


X 

I ch 3 



1 Dermen, Botan. Rev. % 6, 599 (1940). 

* Loewi, J. Pharmacol., 88, 136 (1946). 

a Acheson and Moe, J. Pharmacol., 87, 220 (1946). 

4 Brown, Wood, and Lambert, J. Pharmacol., 93, 10 (1948). 

8 Yonkman, Med. Chem. Symposium, Ann Arbor, 1948. 

* Rawlins, Sweet, and Joslyn, J. Am. Pharm. Assoc., 32, 11 (1943). 
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where A is alkyl, aryl, aralkyl, or cycloalkyl; Z is halogen; R' is hydro¬ 
gen, methyl or substituted methyl; X is chloride or other anion; and 
71 is 2 or 3. This study revealed the following conditions for maximum 
germicidal activity: (1) the cation preferably should contain one long 
chain, one short aralkyl group, and two short alkyl groups; (2) the 
total length of the long chain should be 12 to 16 atoms; (3) closed-ring 
substituents on the aromatic nucleus are inferior to alkyl groups; (4) 
halogen substitution in the aryl groups does not increase and may 
decrease activity; (5) the anion may be derived from any simple min¬ 
eral or organic acid. 

Quaternary ammonium salts of type 


(CH,)n-CH 3 

CH>< ^ CH 

N(CH 3 )j—SO4CH3 

in which n varies from 2 to 16, are reported active against hemolytic 
streptococci and pneumococci. 1 

CH 3 CH, 

(CH a ),CCHr-C-^3^>-OCH J CH,OCH 1 CH l -N-CHr-<^^^> 


I 

CH, 


I 

a - ch, 


Phemerol 


Phemerol Chloride, N.N.R. (p-(2-Methyl-4,4-dimcthylpentane-2) 
(phenoxyethoxyethyl))dimethylbenzyl ammonium chloride, belongs to 
the cationic class of detergent compounds. Compounds of this type 
inhibit the metabolism of many common organisms such as bacteria 
and fungi. 2 Phemerol chloride is used as the tincture 1 :500 and as 
the aqueous solution 1 : 1000 by direct application as an antiseptic 
and germicide. 

Quaternary ammonium salts of the general type [(Me)t=N (R)— 
CHj—C«H 6 ]X in which R is a higher alkyl group, e.g., lauryl or myristyl, 
are members of the “ zephiran ” or “ zephirol ” type. They are re¬ 
ported to be effective germicides. 

Benzalkonium Chloride, U.S.P., N.N.R. (Zephiran Chloride), is a 
mixture of quarternary ammonium salts of the general formula [CeH 6 - 
+ _ 

CH2N(CH 3 )2R]C1 in which R represents alkyl groups varying from 
—CsHi? to —C 18 H 37 . It is a cationic detergent with emulsifying and 

1 Grumbach, Schweiz, med. Wochschr ., 71, 1520 (1941); C.A., 38, 218 (1944). 

* Joslyn, Yaw, and Rawlins, J. Am. Pharm. Assoc., 32, 49 (1943). 
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tonMytto activity which «d. the and 

surfaces. It is incompatible with amomc deterge 


“Tn-dkonto chiorid, is a g,r»cid. and «■* 

in alcoholic and aqueous solutions in concentrations of 1 
1 : 1000. For the sterilization of surgical instruments operating roo 
equipment, and rubber products, concentrations of 1 :5,000 to 1. 1,000 

ar Another" quaternary ammonium salt, reported to be a P 0 ^ n ‘ g " 
cide, is cetylpyridinium chloride, Ceepryn. It is prepared by allowing 
cetyl chloride to react with pyridine. 


CH=CH 

' x 


PH—PH 


o II.. 


Cl 


Betaine Hydrochloride (Acidol), [(CH J ),N-CH I -COOH]Cl, is a 
crystalline compound readily soluble in water. It is used in hypoacidity, 
yielding about 24 per cent HC1. It is a convenient form for the admin¬ 
istration of hydrochloric acid; 0.5 g. is equivalent to about 18 minims of 

diluted hydrochloric acid. . , 

The simple aliphatic amines are not used directly as medicinal agents. 
The aromatic amines are not important as such, but many important 
derivatives of them are used. 


ANILINE DERIVATIVES 

Aniline (Aminobenzene), C 6 H 6 NH 2 , is a colorless liquid, b.p. 184°, 
slightly soluble in water but soluble in dilute acids with the formation of 
salts. Aniline, which is used extensively as a solvent and intermediate 
in the chemical industries, is toxic. It causes stimulation followed by 
depression of the central nervous system and methemoglobin formation 
in the blood. Prolonged exposure to aniline vapors also may cause 
anemia, gastrointestinal and nervous disturbances, and kidney injury. 
The introduction of an alkyl or aryl radical in the amino group causes 
some change in activity; the alkyl derivatives are qualitatively similar 
but quantitatively slightly less active than aniline, and the aryl deriva¬ 
tives are much less toxic, causing little methemoglobin formation. 
Acylation of the amino group yields compounds having a similar but less 
intense toxicity than aniline. 

The introduction of derivatives of aniline as antipyretics was based 
on the discovery of Cohn and Hepp (1886) that aniline and acetanilid 
have powerful antipyretic and antineuralgic properties. Although 
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aniline is toxic in small doses because it destroys the hemoglobin and 
forms methemoglobin, the acylation renders the compound much less 
toxic. 

Acetanilid, U.S.P. (Antifebrin), may be prepared by acetylating 
aniline by any of the usual methods. In practice, it is made by heating 
aniline with glacial acetic acid: 

C*H 5 NH 2 + CH3COOH —► C«H 6 —NHCOCH3 + HOH 

Aniline Acetanilid 

It occurs as crystals, m.p. 114-116°. It is slightly soluble in water, 

1 : 190, and is readily soluble in alcohol, ether, chloroform, acetone, and 
glycerol. Its solutions are neutral to litmus. 

Acetanilid is used as an antipyretic and analgesic. It is contained in 
many of the proprietary headache powders. Its action is due, in part 
at least, to hydrolysis into aniline and acetic acid in the body. The 
aniline, slowly set free, is oxidized to the much less toxic p-aminophenol 
which is excreted through the kidneys after combining with sulfuric or 
glycuronic acid. 

Numerous efforts have been made to improve upon acetanilid by the 
introduction of other groups. These groups often produce compounds 
more toxic than acetanilid, e.g., exalgin, or less active as antipyretics. 
The formulas of a number of such compounds that have been placed 
on the market follow: 

C 6 H 5 —NCH 3 —COCH, CftHs—NH—CHO NH—COOC 2 H 6 

N-Methylacctamlid, exalgin Formanilid Phcnylurcthano 

Br—C«H 4 —NH—COCH 3 C»H S —NH—COCH 2 —NH 2 

p-Bromoacetanilid. Glycocollanilid, 

antiaepsin bcniokoll 

CeH 6 — NCH,—COCHOHCHj 

Lactylmethylanilid 

HO 3 SC 6 H 4 NHCOCHJ 

Acetanilid-p-sulfonic acid, 
cosaprin 

Diphenylamine, (C«H 6 ) 2 NH, in doses of 3 to 10 g. per day removed 
64.2 per cent of 291 hookworms from 6 dogs, 61.9 per cent of 21 ascaris 
from 3 dogs, and 83.6 per cent of 537 whipworms from 5 dogs. No 
symptoms of intoxication were observed that could be attributed to the 
effects of the chemical . 1 Diphenylamine, 25 per cent, mixed with talc, 
forms a lousicidal powder known as FDA in Russia . 2 

»Guthrie, Proc. Helminthol. Soc. Wash., D.C., 7, 84 (1940); C.A., 35, 197 (1941). 

* Hastins and Shimkin, Science, 103, 639 (1946). 
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HALOGENATED ALKYLAMINES 

During World War II interest was developed in compounds of general 
structure (C1CH J CH,)»NR. Such compounds, N-ana ogs of mustard , 
gas, are exceedingly vesicant. Since they are both alkyl ha ^ esa 
tertiary amines they are not stable over sufficient P er ' ods ° t, " le t ° ]1 ^ 
tactically dependable. However, from a study of these so-c»Hf 
“ nitrogen mustards ” considerable insight has been gamed into the 
mechanism of action of all the mustard gases. At the end of World 
War I it was assumed, for example, that mustard gas exerted its damag¬ 
ing effect by releasing hydrogen chloride intracellularly. Research 
during World War II shows that the cytotoxic action, related in some 
manner to the proliferative activity of the cell, depends on intramolecu¬ 
lar cyclization in a polar solvent to form an onium ion with the libera- 
tion of a chloride ion: 


R 2 N—CH 2 —CH 2 C1 
or for the analogous thioether: 

R-S—CH 2 CH 2 —Cl 





+ ✓CHsl 


R-S\l 


I Cl- 
CH, 


The reactive onium ions react readily with various uncharged nucleo 
philic molecules. It is this great reactivity which causes vesication. 
For example, the onium ion is capable of alkylating functional groups 
of biological importance, such as the nitrogen ion, amino acids, peptides, 
imidazoles, the sulfhydryl and thioether groups, carboxyl groups, and 
the glycero- and hexosephosphates. 1 

Because mitotic activity is peculiarly sensitive to the action of these 
compounds, their use in cancer should prove of more than academic 
interest. Since they act as “ chemical x rays ” in producing mutations 
and changes in somatic chromosomes, e.g., in Drosophila melanogaster, 2 
Niceorspora crassa f 3 and Penicillium notatum, 4 the geneticist is provided 
with a promising tool for his studies. 

0-Chloroethyldibenzylamine (Dibenamine), which does not have the 
two /3-chloroethyl groups necessary for vesicant action, is a sympatho¬ 
adrenal blocking agent, possessing advantages in specificity, potency, 
and prolonged action. 5 


1 Gilman and Philips, Science, 103, 409 (1946). 

* Auerbach, Robson, and Carr, Science, 105, 243 (1947). 

3 Horowitz, Houlahan, Hungate, and Wright, Science, 104, 233 (1946). 

4 Stahmann and Stauffer, Science, 106, 35 (1947). 

6 Nickerson and Goodman, J. Pharmacol., 89, 169 (1947). 
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l,l,l-Trichloro-2,2-di(^-aminophenyl)ethane was synthesized by the 
following route: 


ClaC-CH 


fuming 


r )% HNO. 


CUCCH 




CUCCH f 4 NH 2 


Its structural kinship to DDT is immediately apparent. In vitro tests 
showed it to be active against Mycobacterium tuberculosis , bacterio¬ 
static at a dilution of 1 X lO" 6 and bactericidal at 1 X 10" 6 . In vivo 
tests show that the compound accumulates in the fat depot, and exhibits 
remarkable control of experimentally induced tuberculosis in guinea pigs 
when fed at a level of 0.5 per cent of the ration. 1,2,3 Later in vivo tests, 
regrettably, are less encouraging. 


ALKANOL AMINES 

The compounds containing both the amino and hydroxyl functions, 
the alkanolamines, are among some of the most important medicinal 
substances. Chemically they are relatively simple, behaving both as 
alcohols and as amines. 

.OH 

Just as compounds of the type R—are unstable, so it is also 

| X OH 
R' 


.OH 

unusual to find compounds of the type R 2 C^ , that is, compounds 

X NH 2 


with an hydroxyl group and an amino group attached to the same carbon. 
The simple aldehydes, such as formaldehyde and acetaldehyde, react 
with ammonia to form addition products, H 2 C—NH 2 and RCH—OH; 


OH NH 2 

these are analogous to compounds (if one keeps in mind the ammonia 
system of compounds) like chloral hydrate. Although the lower alde¬ 
hyde ammonias may be isolated, they are not stable; they undergo 
decomposition or polymerization and rearrangement. 

Hence the simplest alkanolamine is ethanolamine, HO—CH 2 CH 2 — 
NH 2 . This compound has already been mentioned as one of the hydro¬ 
lytic products of cephalin. It may be synthesized by an appropriate 

1 Burger, Graef, and Bailey, J. Am. Chem. Soc., 68, 1725 (1946). 

* Kirkwood, Phillips, and McCoy, ibid., 68, 2405 (1946). 

* Kirkwood and Phillips, ibid., 69, 934 (1947). 
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application of the general procedures available for introdu = ing ^ t0 ^® 
molecule both an hydroxyl and a primary ammo group. It is synthesize 
by causing ethylene oxide to react with ammonia, 

CH 2 — CH 2 + NH 3 —»• HO—CHz—-CH 2 NH 2 

\> 

If ethanolamine is allowed to react with more ethylene oxide, diethanol¬ 
amine and triethanolamine are formed, 

CjH,0 + HOCHjCHjNHt —► (HOCH 2 CH 2 ) 2 NH 
C 2 H,0 + (HOCH 2 CH 2 ) 2 NH —(HOCH 2 CH 2 ) 2 N 

It may be seen, from Table 38, that as the hydroxyethyl group is repeat¬ 
edly introduced into the ammonia residue the boiling point and the 
density increase in quite a regular manner. 

TABLE 38 


Ethanolamines 


Structure 

Name 

Melting Point 

°C. 

Boiling Point 
°C. 

Specific 

Gravity 

HOCHjCHjNHj 

(HOCIIaCHj)aNH 

(HOCHiCIIa)»N 

Ethanolamine 

Diethanolamine 

Triethanolamine 

10.5 

28 

21.2 

171 

268 

277, 

1.022 

1.0985 

1.1258 


Another method for the synthesis of alkanolamines is the reduction of ni- 
troalcohols. Nitroparaffins react with aldehydes to form nitroalcohols: 


RCHO 

R'CH 2 N0 2 + R-CHO —> R'-CH-N0 2 —► R-CH-OH 

I I 

R—CH—OH R'—C—N0 2 

I 

R—CH—OH 


If the nitroparaffin is nitromethane, the end product may be a nitro- 
trihydric-alcohol, (R—CHOH) 3 C—N0 2 . 

The nitric acid ester of aminoethanol, in doses of 10 to 100 mg. per 
kg. to dogs and rabbits, produces marked and prolonged hypotension. 1 

Methylaminoethanol, CH 3 NHCH 2 CH 2 OH, has been isolated from a 
mutant of Neurospora crassa which has lost its ability to synthesize 
choline; hence it is presumed to be a natural precursor of choline. 2 

Dimethylaminoethanol, (CH 3 ) 2 NCH 2 CH 2 OH, shows a cholinelike 

1 Bovet, Bovet, and Dupuy, Compt. rend. soc. biol., 139, 946 (1945); C.A. t 40, 
5492 (1946). 

2 Horowitz, J. Biol. Chem. 162, 413 (1946). 
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effect in the prevention of perosis and promotion of growth in chicks 
maintained on a choline-deficient diet; possibly it is converted to choline 
by methionine. 1 Methylaminoethanol, under similar conditions, pre¬ 
vents perosis but does not support growth. 2 Both methylaminoethanol 
and dimethylaminoethanol improve the work capacity of a failing mam¬ 
malian heart in a manner similar to that exhibited by the digitalis 
glycosides. 3 

Triethanolamine, U.S.P., N.N.R., is a pale yellow, hygroscopic liquid, 
miscible with water and alcohol and soluble in chloroform. It consists 
of a mixture made up of about 80 per cent triethanolamine, 15 per cent 
diethanolamine, and 2.5 per cent monoethanolamine. It is a tech¬ 
nical product used only for external application in medicaments. It 
combines with fatty acids to form soaps, having excellent detergent prop¬ 
erties. These soaps are soluble in water and also in organic solvents 
such as kerosene, gasoline, and oils. Emulsions of such soaps are readily 
formed by mixing fatty acids dissolved in oil with an aqueous solution 
of triethanolamine. Incorporated into preparations for external appli¬ 
cation, such as ointments and dermatological pastes, they increase the 
penetration and thus increase the bacteriostatic effect and also facilitate 
the removal of such products, e.g., from the scalp. 

Aminohydroxy compounds of the paraffin hydrocarbons are employed 
as emulsifying agents in cosmetics and as intermediates for the synthesis 
of pharmaceutical products and surface active agents. The compounds 
used include: 


NHj 

I 

ch 2 oh—c—ch 2 oh 

I 

c 2 h 6 

2-Amino-2-ethyl-1.3-propanediol 

nh 2 

I 

ch 2 oh—c—ch 2 oh 

I 

CH, 

2-Amino-2-mcthyl- 1.3-propanediol 


nh 2 

I 

CHj—CH 2 —CH—CH 2 OH 


2-Ainino-l-butanol 

nh 2 

I 

CHx-C—CH 2 OH 

I 

ch 3 

2-A mino-2-me thy 1-1-propanol 


CHOLINE AND ITS DERIVATIVES 

The discovery by Dale in 1928 that the substance liberated at all 
parasympathetic nerve endings when they are stimulated is acetyl- 

1 Jukes and Oleson, J. Biol. Chem., 157, 419 (1945). 

* Jukes, Oleson, and Dornbush, J. Nutrition, 30, 219 (1945). 

*Krayer, Farah, and Uhle, J. Pharmacol., 88, 277 (1946). 
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choline has led to the study of antipressor drugs. Acetylcholine is a. 

substance of tremendous physiological potency. Its therapeu ic u 

ness is greatly limited because it is very unstable and is hydrolyzed and 
inactivated rapidly by esterases in the blood stream. The 
more stable derivative of this type has resulted in the investigation 
number of compounds chemically related to acetylcholine. 

Choline has already been.encountered as one of the hydro yt P 
ucts of the lecithins. It is / 3 -hydroxyethyltrimethylammomum hydrox¬ 
ide [HOCH 2 CH 2 NM ej ]OH, a quaternary ammonium base of ethanoi- 
amine. Choline is a marked circulatory depressant, usually producing 

ft lowering of blood pressure. , ,, . 

Choline is a viscid, colorless liquid, strongly alkaline, soluble m water 
and alcohol and insoluble in ether, which possesses vitaminlike activity 
in that it is capable of supplying essential transferable methyl groups in 

biological processes. Betaine and methionine show similar behavior. 

Acetylcholine Chloride (Acetylethyltrimethylammomum chloride), 
[CH 3 -COO(CH 2 ) i -N(CH,) j ]C 1, is a white, very hygroscopic crystal¬ 
line powder, which dissolves readily in water to form neutral but 
unstable solutions. Solutions for use must be freshly prepared, it is 
ineffective when administered orally. It is about 1000 times as active 
as a parasympathetic stimulant as choline. It lowers blood pressure 
by dilation of the peripheral vessels and relaxes spasm of smooth 
muscles. It is used for the same purposes as mecholyl, but its action 
is much briefer since it is destroyed by choline esterase. It is usually 
administered in sterile aqueous solution by subcutaneous or intra¬ 
muscular injection, and it is applied locally in such conditions as atrophic 

rhinitis. . .. ... 

Acetyl-0-methylcholine Bromide (Mecholyl Bromide) is a deliquescent 

salt with properties and activity similar to the chloride, but it is reported 
to be more stable. It is rather rapidly destroyed by the gastric juices, 
and so its oral use gives uncertain results. It is usually administered 
subcutaneously as a solution in water, in physiological salt solution, or 
in propylene glycol. It is also applied by iontophoresis; the use of a 
low-density galvanic current to deposit it from solution on the skin 
surface into the deeper layers of the skin from which the remedy is slowly 
absorbed by the capillaries. The iontophoresis method is employed in 
the treatment of varicose ulcers, arthritis, etc. Acetylcholine bromide 
is less hygroscopic than the chloride. It is the salt of choice for the 
preparation of tablets. The tablets are administered orally to treat 
abdominal distention, functional dysmenorrhea, etc. 

Methacholine Chloride, U.S.P., N.N.R. (Acetyl-0-methylcholine 
Chloride, Mecholyl). Mecholyl, a hygroscopic, water-soluble substance, 
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causes stimulation of the parasympathetic nervous system to produce 
results opposite to those caused by stimulation of the sympathetic 
nervous system by epinephrine, ephedrine, and related compounds. 

It causes a fall in blood pressure, slowing of the heart, constriction of 
the bronchioles, dilation of peripheral blood vessels, constriction of the 
pupils, increase in intestinal tone and peristalsis, stimulation of the 
muscles of the bladder, and contraction of the uterine musculature. It 
has been used to treat paroxysmal tachycardia, Raynaud’s disease, 
diabetic gangrene, varicose ulcers, rheumatoid arthritis, atomic consti¬ 
pation, postoperative abdominal distention, functional dysmenorrhea, 
and atrophic rhinitis. 

[(CH 3 ) 3 NCH 2 CH(CH 3 )OCOCH3ia 1(CH 3 ) 3 NCH 2 CH 2 0C0NH 2 1C1 

Methacholine chloride Carbamylcholinc chloride 

Carbachol, U.S.P. (Carbamylcholine Chloride, Doryl, Lentin), is a 
synthetic derivative of choline. It has been introduced as a stable, 
crystalline powder, readily soluble in water to form neutral solutions; 
it is reported that the solutions can be heated without causing decomposi¬ 
tion. It is also reported that it is not destroyed by the gastric enzymes 
and fluids. It is administered orally in the form of tablets or hypo¬ 
dermically by subcutaneous injection. Its activity is very similar to 
that of mecholyl, but it is much more active on oral administration. 

Choline with concentrated nitric acid is oxidized to the corresponding aldehyde 
(Me»N—CHjCHOJOH; this product, called muscarine, was mistaken for the toxic 
base present in mushrooms. The actual toxin in Amanita muscaria has the structure 

[Me»N—CH—CHOH—Et)OH. 

I 

CHO 

The dehydration of choline, that is, the formation of vinyl trimethyl ammonium 
hydroxide, (CHi=CH—NMe»]OH, a reaction which may be accomplished by the 
proper chemical steps or by putrefaction of choline, forms neurine, a very toxic 
substance. 

The injection of propionylcholine perchlorate into dogs or guinea pigs 
diminishes the spasm which is elicited by other derivatives of choline 
or by histamine. 1 

Dibutylcarbamylcholine Sulfate (Dibutoline Sulfate), [(CiHt)*- 
NCOOCH 2 CH 2 Nproduces paresis of the smooth muscles 
which are innervated by the parasympathetic system. In the eye it 
produces the same degree of mydriasis as an equally concentrated solu¬ 
tion of homatropine hydrobromide, but with a greater degree of cyclo- 
plegia. Also it shows antiseptic properties. 2 

* Binet and Burstein, Compt. rend. soc. biol., 135, 152 (1941); C.A., 36, 2928 (1942). 

* Swan and White, Arch. Ophthalmol ., 33, 16 (1945); C.A., 39, 1733 (1945). 
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A series of quaternary ammonium compounds possessing activity 
similar to that of acetylcholine was obtained by allowing acetals of 
1,2-dihydroxy-3-chloropropane to react with tertiary amines. 


CH 2 Cl CH 2 NR 3 'C1 

NRi' I 

CHO v —► CHO v 

I pCH-R | o / CHR 


CH 2 0' 


The formal and acetal (R=H or CH 3 ) of the trimethylammonium 
derivative (R'=CHj) appear especially active . 1 


/.-AMINOPHENOL DERIVATIVES 

The observation by Schmiedeberg (1884) that aniline and its simple 
derivatives are converted in the body into p-aminophenol, which is 
eliminated as a compound with sulfuric or glycuronic acid, led to inves¬ 
tigations of derivatives of p-aminophenol. 

The replacement of an amino hydrogen by an acetyl group yields a 
compound of lower toxicity than p-aminophenol and one which has anti¬ 
pyretic and analgesic properties. The acetylation of the hydroxyl group 
and of the amino group has been found to produce compounds inferior 
to certain of those prepared by alkylating the hydroxyl group and 
acetylating the amino group, e.g., methacetin. The study of the homo¬ 
logs of alkylated acetyl-p-aminophenol derivatives revealed that meth¬ 
acetin, p-CH 3 0—C«H 4 —NH—COCH 3 , possessed antipyretic and anal¬ 
gesic properties in the highest degree of any member of the series. 
Phenacetin, P-CH 3 CH 2 O—C 6 H 4 —NH—COCH 3 , which is slightly less 
powerfully antipyretic and analgesic, causes less hemolysis of red blood 
corpuscles and is more desirable as a drug. In higher members of the 
series, such as propyl and butyl derivatives, activity diminishes rapidly 
with increase in the molecular weight of the alkyl group. 

Derivatives of p-aminophenol which contain a free hydroxyl group, 
such as p-HO—CcH 4 —NEt—COCH 3 , have no antipyretic value. 
Physiologically active compounds result when the hydrogen of the 
amino group in phenacetin is substituted by alkyl groups; e.g., 
P-C 2 H 6 —0—CeH 4 —NMe—COCH 3 has greater analgesic but less anti¬ 
pyretic action than phenacetin. The ethyl derivative, p-C 2 H 6 0— 
C 6 H 4 —NEt—COCH 3 , is more analgesic, less toxic, and slightly less 
antipyretic than phenacetin. In higher members of the series, such as 
propyl and butyl derivatives, the analgesic value decreases with increased 
length of the alkyl chain substituted on the amino group. The maxi- 
l Fourneau, Bovet, Bovet, and Montezin, Bull soc. chim. biol. % 24. 516 (1944). 
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mum antipyretic and analgesic action is exhibited by the methyl and 
ethyl compounds, and the least toxicity by the ethyl compound. The 
latter, although possibly possessed of advantages equal to those of 
phenacetin, is more expensive. 

The slight solubility of phenacetin does not appear to interfere with 
its absorption and physiological effect. Nevertheless, numerous efforts 
have been made to prepare more soluble derivatives. These must be 
sufficiently stable to resist hydrolysis in the stomach to the more toxic 
p-phenetidin. The introduction of a sulfonic or carboxylic group, as 
should be expected, tends to destroy the physiological activity of the 
compound. The sodium salt of a sulfonic derivative, 

H O 



was produced under the name Phesin, and said to have a slight tempo¬ 
rary antipyretic activity. 

Acetophenetidin, U.S.P. (Phenacetin), was first prepared by Hinsberg 
(1887), who was seeking a use for a quantity of p-nitrophenol which 
had accumulated as a by-product from the dye works. The synthesis 
is indicated by the equations: 



OC 2 H* OC a Hs 



j>-Pbenetidin 


OCaH* 



Acetophenetidin consists of odorless, white, crystalline scales, or a 
crystalline powder, having a slightly bitter taste, m.p. 134-136°. One 
gram is soluble in 1310 cc. of water, and it is readily soluble in most 
organic solvents. 



p-AMINOPHENOL DERIVATIVES 

Acetophenetidin and its congeners are extensively used as antipy¬ 
retics for the reduction of temperature in fevers and as analgesics for 
the relief of pain. All of them’should be used cautiously since they 
cause hemolysis of the red blood corpuscles and act as heart depressants. 

A number of compounds similar to acetophenetidin have been pre¬ 
pared in which the acetyl radical is replaced by some other radical. All 
of them, like acetophenetidin, depend for their action on the liberation 
of p-aminophenol or acetylaminophenol. 

Lactylphenetidin (Lactophenin), C 2 H 6 0—C«H 4 NH COCHOH- 
CH 3 , which is slightly more soluble than acetophenetidin, is reported to 
be slightly less antipyretic and slightly more analgesic than acetophene¬ 
tidin. 

Salicylphenetidin, p-C 2 H 6 0—C*H«—NH—CO—C 6 H 4 OH-o, and 
Mandelylphenetidin, p-C 2 H*0—C«H 4 —NH—COCHOHCcH^arestable, 
insoluble, and inert. 

Derivatives in which both of the amino hydrogens have been re¬ 
placed, such as diacetophenetidin, p-C 2 H$0—CeH 4 —N(COCH 3 ) 2 , and 

O 

II 

.c— ch 2 

p-ethoxyphenyl succinimide, p-C 2 H*0—C«H 4 —N^ I , have been 

II 

O 

tested and found to be of no value. 

Phenocoll (Aminophenacetin, Glycocoll-p-phenetidin) prepared by 
Schmidt and Majert in 1890, by the action of ammonia on bromoacetyl- 
p-phenetidin, has an action similar to that of acetophenetidin. 

p-C 2 H b O— CeH 4 — N H—COCH 2 Br +N H 3 —► 

P-C2H5O—C 6 H 4 —NH—COCH2NH2 


The hydrochloride of aminophenacetin is soluble in water. Conse¬ 
quently it is absorbed rapidly and produces a prompt response, but the 
effects disappear rapidly. Early claims that phenocoll possessed value 
as an antimalarial could not be confirmed by later investigators. It 
and the corresponding phenocoll salicylate are reported to be strongly 
antipyretic and analgesic and to have value as substitutes for salicyl¬ 
ates in rheumatic fever. 

Replacement of the hydrogen of the hydroxyl group by other than 
the simple alkyl groups mentioned has been accomplished. Thus 
p-acetaminophenyl benzoate, p-C 6 H 6 COO—C 6 H 4 —NHCOCH 3 , p-acet- 
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ethylaminophenyl acetate, p-CH 3 COO—C«H 4 —NEt—COCH 3 , p-acet- 
aminophenoxyacetamide, p-NH 2 C0CH 2 0—C 6 H 4 —NH—COCH 3 , and 
a number of related compounds have been prepared and found to have 
no practical value in therapy. Only one compound of this type has 
attained extensive use, namely, phenetsal. 

Phenetsal, N.N.R. (Salophen), is p-acetaminophenyl salicylate. 



It is a white, crystalline solid, m.p. 187-188°, insoluble in water and 
soluble in most organic solvents and in solutions of alkalies. 

Phenetsal was introduced as a substitute for salol, the action of which 
it resembles. It is thought that it is hydrolyzed in the intestine to 
liberate salicylic acid and p-aminophenol. Since the latter is less toxic 
than phenol, phenetsal should possess some advantages over salol. 

It is used as an intestinal antiseptic in diarrhea and dysentery, as 
an antipyretic and analgesic in rheumatism, gout, and typhoid fever, 
and externally in ointment form as an antiseptic and to allay itching 
for the treatment of psoriasis and other skin diseases. 

l,5-Di(o-dimethylaminophenoxy) pentane produces neuromuscular 
paralysis in frogs, a property suggestive of tubocurarine. 1 

DIAMINES AND AMINO ETHERS 

Ethylenediamine Hydrochloride is a white, crystalline compound 
which sublimes without melting, readily soluble in water and alcohol. 
It is administered in the form of keratin-coated pills to acidify the urine. 

CH 2 —NHrHCl 

I 

CHa—NHrHCl 

The biological importance of the amino-nitrogen group is usually 
found in compounds of more complex structure, or in compounds which 
contain other functional groups. These will be taken up later under 
the proper subdivisions. 

Simple amines, of various structures and types, are becoming available in increas¬ 
ing quantities. They are synthesized from economically available intermediates 
by some of the processes already described or enumerated. 

Some of the higher aliphatic amines, e.g., CitHuNHj, are reported to possess 
germicidal activity. Colchicine is an example of a complex amine of unusual activity. 

1 Bovet, Courvoisier, Ducrot, and Horclois, Compt. rend., 224, 1733 (1947); C.A. t 
41, 6341 (1947). 
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Amino ethers and their isosteric ammono analogs, the diamines, are 
stimulating interest because many of them exhibit antihistamine prop¬ 
erties. 

Synthetic Antihistamine Drugs 

Since Dale and Laidlaw 1 first pointed out the similarity in the symp¬ 
toms of histamine shock and anaphylactic shock, a wealth of evidence 
has been accumulated in support of the view that histamine is liberated 
as a result of the antigen-antibody reaction and is a major factor in 
aUergic conditions . 2 3 - 4 There is less sound evidence incriminating his¬ 
tamine in several other pathologic conditions, such as burns, “ radiation 
sickness,” and the toxemias of pregnancy. Consequently there has been 
an intensive search for means of inactivating histamine or preventing it 
from reaching the site of action. The synthetic histamine antagonists 
have been the most successful drugs of this type. 



Hutamino 

The first active compounds of this type were thymoxyethyldiethyl- 
amine (929 F) and N-ethyl-N-( 0 -diethylaminoethyl)aniline (1571 F). 
These compounds were prepared in Fourneau’s laboratory as part of a 


CH, CH 3 

\ / 

CH 


OCH 2 CH 2 N(C2H 6 )2 


ch 3 

929 F 




series of sympatholytics. Their antihistamine activity was discovered 
by Bovet and Staub in 1937. 5 - 6 - 7 8 Although useful in the laboratory 
both compounds have toxic effects which prevented their clinical use. 


1 Dale and Laidlaw, J. Physiol., 41, 318 (1910). 

* Dragstedt, J. Allergy, 16, 69 (1945). 

* Rose, Am. J. Med., 3, 545 (1947). 

4 Selle, Texas Rep. Biol. Med., 4, 138 (1946). 

6 Bovet and Staub, Compt. rend. soc. biol., 124, 547 (1937). 
8 Bovet and Staub, ibid., 125, 818 (1937). 

7 Staub, Ann. inst. Pasteur, 63, 485 (1939). 

8 Staub, ibid., 63, 485 (1939). 
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Halpern, 1 in 1942, reported a study of a series of compounds prepared 
in the Rh6ne Poulenc laboratories. The most active was Antergan, 
N-benzyl-N-phenyl-N', N'-dimethylethylenediamine. Antergan was the 
first compound to find clinical use in the treatment of allergic conditions. 


f ] ch^<3 

LJ— N—CH 2 CH*N (CH 3 ): 


Antergan 

Although it has been replaced by more active compounds which are 
tolerated better, the basic Antergan structure has served as a model for 
a number of the antihistamine drugs in use today. 

Benadryl was one member of a series of dialkylaminoalkyl ethers of 
benzhydrol, 2 prepared originally as antispasmodics. Its antihistamine 
activity was observed by Loew, Kaiser, and Moore.* 



^ % 




CHOCH 2 CH,N(CH 3 ) 2 


Benadryl 


Through the efforts of several research groups a large number of 
compounds with antihistamine activity have been discovered. Table 
39 lists those compounds derived from Antergan by replacement of one 
or both benzene rings by a heterocyclic nucleus. Table 40 lists miscel¬ 
laneous structures. An asterisk (*) indicates those compounds that are 
on the market or under extensive clinical investigation, and references 
are listed after the tables. 


1 Halpern, Arch, intern, pharmacodynamic, 68, 339 (1942). 

* Rieveschl, U.S. pat. 2,421,714 (1947). 

• Loew, Kaiser, and Moore, J. Pharmacol ., 83, 120 (1945). 
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Analogs of Antergan RiRiN—CH jCHjN(CHs)* 


Name 

Ri 

R* 

Reference 

•Pyribenzamine 

(N.N.R.) 

A 

(a-pyridyl) 

'N^ 


1 

•Neoantergan 

/y-nvriH vl 


2,3 

Anthisan 

U i iUj 1 



•Thenylene 

Histadyl 

a-pyridyl 


4 

•Chlorothen 

a-pyridyl 


6 

Bromothen 

a-pyridyl 

—CH s— ^ —Bir 

6 


A 



•Diatrin 

1 J (phenyl) 


6 

Hetramine 

(2-pyrimidyl) 


7 

•Neo-hetramine 

2-pyrimidyl 


8 

— 

a 


9 

— 

a-pyridyl 


10 
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TABLE 40 

Miscellaneous Structures with Antihistamine Activity 


Name 


3015 RP 


3277 RP 


Structure 




I 

CHjCHjN (CHa)a 


V'wX/' 

I 

CH«—CH—N (CHj)i 


Reference 


'Pyrollazote 






CHjCHiN 


a 


•Antistine 


•Decapryn 


N 

I 

CHaCHaN (CHj)* 



15, 16 
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Name 


C-5581-H 


0-2, 315 


•Trimeton 


•Thephorin 


TABLE 40 (Continued) 
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TABLE 40 (Concluded) 



1. Huttrer, Djerassi, Beeare, Mayer, and Scholz, J. Am. Chem. Soc., 68,1999 (1946). 

2. Bovet, Horcloit, and Walthert, Compt. rend. soc. biol., 138, 99 (1944). 

3. Bovet, Horclois, and Foumel, Compt. rend. soc. biol., 138, 165 (1944). 

4. Weston, J. Am. Chem. Soc., 69, 980 (1947). 

5. Clapp, Clark, Vaughan, English, and Anderson, J. Am. Chem. Soc., 69, 1549 
(1947). 

6. Kyrides, Meyer, and Zienty, J. Am. Chem. Soc., 69, 2239 (1947). 

7. Feinstone, Williams, and Rubins, Proc. Soc. Exptl. Biol. Med., 63, 158 (1946). 

8. Reinhard and Scudi, Proc. Soc. Exptl. Biol. Med., 66, 512 (1947). 

9. Sondem and Breivogel, U. S. pat. 2,440,703 (1948). 

10. Vaughan and Anderson, J. Am. Chem. Soc., 70, 2607 (1948). 

11. Halpern and Ducrot, Compt. rend. soc. biol., 140, 361 (1946). 

12. Feinberg, Noren, and Feinberg, J. Allergy, 19, 90 (1948). 

13. Freese, Hambourger, and Michiels, Federalion Proc., 7, 219 (1948). 

14. Bourquin, Schweiz. Med. Wochschr., 76, 296 (1946). 

15. Feinberg and Bernstein, J. Lab. Clin. Med., 33, 319 (1948). 
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16. Sperber, Papa, Schwenk, and Sherlock, paper read at April 1948 Meeting of the 
American Chemical Society. 

17. Cavallini and Mazzuchi, Farm. sci. e tec. {Pavia), 2, 273 (1947); C.A., 42, lob4 
(1948). 

18. Marsh and Davis, J. Pharmacol., 89, 234 (1947). 

19. Tislow, Federation Proc., 7, 236 (1948). 

20. Sperber, Papa, Schwenk, Sherlock, and Frianco, paper read at April 1948 Meet¬ 
ing of the American Chemical Society. 

21. Lehmann, J. Pharmacol., 92, 249 (1948). 

22. Achenbach and Loew, Federation Proc., 6, (II) 304 (1947). 

23. Ereaux and Craig, Can. Med. Assoc. J., 55, 361 (1946). 

24. de Jalon and Idoipe, Farmacoterap. Actual (Madrid), 3, 98 (1946); C.A., 40, 
3829 (1946). 

25. Controulis and Banks, J. Am. Chem. Soc., 67, 1946 (1945). 

An examination of the structures in the tables shows that the majority 
contain the dimethylaminoethyl side chain, attached to tertiary nitrogen 
in the Antergan analogs and the phenothiazine derivatives, to oxygen 
in Benadryl, Decapryn and 0-2,315, and to carbon in Trimeton. In 
Pyrollazote and Antistine the dimethylamino group of the side chain is 
replaced by a heterocyclic nucleus. The aromatic portion of the mole¬ 
cule contains two aromatic or heterocyclic nuclei which may form part 
of a polycyclic system. Thephorin conforms to this general pattern, 
the dimethylaminoethyl group forming part of the piperidine ring: 



Typical Syntheses. The synthesis of Pyribenzamine, shown below 1 
is typical of the preparation of compounds of the Antergan type. The 
alkali amide used as the condensing agent prevents the alkylation of the 
tertiary nitrogen atoms in the pyridine nucleus and the side chain. 



N* 


■NH 2 + C1CH 2 CH 2 N(CH 3 ) ; 


NaNHs 



NHCH 2 CH 2 N(CH 3 ) 2 



N—CH 2 CH 2 N (CH 




CaHtCHaCl 

(NftNHa) 


Huttrer, Djerassi, Beears, Mayer, and Scholz, J. Am. Chem. Soc., 68,1999 (1946). 
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Benadryl is prepared from benzhydryl bromide and /3-dimethylamino- 
ethanol in the presence of anhydrous sodium carbonate: 1 






CHOCH 2 CH 2 N(CH 3 )2 




(C ft H 6 ) 2 CHBr + HOCH 2 CH 2 N(CH 3 ): 


Trimeton is made from 2-benzylpyridine and dimethylaminoethyl- 
chloride : 2 




Decapryn is prepared from acetophenone, pyridine, and dimethylamino- 
ethyl chloride : s 



+ COUCOCHa 


‘N 1 



Mode of Action. The antihistamine compounds are most active 
against the smooth muscle effects of histamine, and the pharmacological 
evaluation of these drugs has centered about measuring their activity 
against the bronchoconstrictor, spasmogenic (gastrointestinal and 

* Rieveschl, U.S. pat. 2,421,714 (1947). 

1 Sperber, Papa, Schwenk, and Sherlock, Abstracts of 113th Meeting American 
Chemical Society, April 1948. . . 

* Sperber, Papa, el al. t paper read at April 1948 Meeting of the American Chemical 

Society. 
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uterine), and depressor effects of histamine. Whether the drugs are 
active against the secretogog actions of histamine is a controversial point, 
but it is evident that their activity in this respect is of a much lower order. 

For detailed and critical reviews of the pharmacology and clinical aspects of the 
antihistamine drugs the reader is referred to the articles of Loew* and Feinberg.* 

It has been shown that 929 F and Antergan do not inactivate his¬ 
tamine in vitro and have no effect on diamine oxidase (histaminase), 3,4 
the enzyme that is believed to inactivate histamine in the body. Pyri- 
benzamine has no effect on the antigen-antibody reaction in vitro, 6 and 
Antergan does not prevent the release of histamine during anaphylactic 

shock. 4 

Halpern 4 proposed the theory that the drugs compete with histamine 
for the site of action. Subsequent work has strengthened this theory. 
Quantitative measurements of the inhibition ratios between histamine 
and Benadryl on blood pressure in the dog* show that per cent inhibi¬ 
tion of histamine plotted against concentration of drug gives a curve 
with the form of the Langmuir adsorption isotherm. 7 A similar rela¬ 
tionship is said to hold for the inhibition ratios measured on bronchi 
and intestinal strips, although extensive quantitative data are lacking. 
These results are in full accord with the competitive inhibition theory; 
that is, when the drug combines with the receptor substance, it produces 
no appreciable effect but prevents histamine from combining with the 
receptor substance. 

The inhibition ratios are different on different systems. Although 
they vary somewhat from drug to drug, as a crude approximation it 
can be said that one molecule of drug antagonizes between 10 and 100 
molecules of histamine on the isolated guinea pig intestine, and between 
1 and 0.1 molecules of histamine on the bronchi. In the depressor experi¬ 
ments in the dog 100 to 1000 molecules of drug are required to antagonize 
one molecule of histamine. The fact that the dose-response curves are 
of the same form in all three experiments argues for the same mechanism. 8 

Diphenhydramine Hydrochloride, N.N.R. (Benadryl, 0-Dimethyl- 
aminoethyl Benzhydryl Ether Hydrochloride), (CeHs^CH—O—CH 2 — 
CH 2 —N(CH 3 ) 2 -HCl,m.p. 166-170°, is a white, crystalline powder readily 

1 Loew, Physiol. Reviews, 27, 542 (1947). 

* Feinberg, Am. J. Med., 3, 560 (1947). 

* Staub, Ann. inst. Pasteur, 63, 485 (1939). 

4 Halpern, Arch, intern, pharmacodynamic, 68, 339 (1942) 

6 Arbesman, Koepf, and Miller, J. Allergy, 17, 203 (1946). 

8 Wells, Morris, Bull, and Dragstedt, J. Pharmacol., 85, 122 (1945). 

7 Per cent inhibition of histamine is substituted for the amount of material 
adsorbed, and effective concentration of drug for the concentration of material in 
solution. 

8 Marsh and Davis, J. Pharmacol., 89, 234 (1947). 
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soluble in water. It possesses antiallergic and antispasmodic properties 
and is used in the symptomatic treatment of urticaria, rhinitis, hay 
fever, asthma, and related conditions. Its use is frequently accompanied 
by somnolence. It is administered in the form of capsules or the elixir. 

Antergan (2339 R.P., (/3-Dimethylaminoethyl)benzylphenylamine), 
C*H 6 CH 2 CH 3 


^NCHjCHjN^ 


, one of the earliest diamines to be studied, 

CeHs^ X CH 3 

protects guinea pigs against 50 to 60 lethal doses of histamine; the 
therapeutic dose is 0.006 that of the lethal dose. 1 


OTHER DIALKYLAMINOALKYLAMINES 


Other members of this group exhibiting pharmacological properties 
other than antihistaminic activity are: 4-(diethylaminoethoxy)stil- 
bene, CeH5CH=CHC 3 H 4 OCH2CH 2 N(C2H6) 2 , and 2-(phenylphenoxy)- 
triethylamine, C«H 5 C$H 4 OCH 2 CH 2 N(C 2 Hs) 2 , which exert a dilating 
effect on the coronaries. 2 The diethylaminoethyl ethers of hexylre- 
sorcinol and of cholesterol show a marked antibacterial activity in vitro 
against Mycobacterium tuberculosis .* 

Dialkylaminoalkylamines are important in many syntheses, e.g., 
pamaquin and quinacrine. The following equations indicate a typical 
procedure for the intermediate yielding 20 to 30 per cent of product: 


Et*=N—CH 2 —CH 2 CI + CH 3 —CO—CH 2 —COOEt 

CH3—CO—CH—(CH2—CH 2 NEt2)—COOEt 

msor^co, CH — co — CH2 — CH 2—CH2—NEt2 CH3—CHOH—CH2— 

10p€rcent socb 

CH 2 —CH 2 —NEt 2 —► CH 3 —CHC1—CH 2 —CH 2 —CH 2 —N (Et)rHCl 


Substituted benzyl derivatives of ethylenediamine, p- R—CeH 4 — 
CH 2 —NH—CH 2 —CH 2 —NH 2 , where R is generally an alkyl group, 
show promising trypanocidal activity, especially when tested in mice 
experimentally infested with Tr. brucei . 4 


ESTERS OF DIALKYLAMINOALKANOLS 

The tertiary aminoalcohols, alkanoltertiaryamines, are important 
because their esters are some of the most widely employed local anes¬ 
thetics. The manner in which the basic group necessary for anesthetic 
activity was worked out is of interest. 

1 Chauchard, Chimie et Industrie, 53, 405 (1945); C.A., 40, 6167 (1946). 

* Cavalline, Farmaco sci. e tec., 1, 11 (1946); C.A ., 40, 4439 (1946). 

•Chapman, Hager, and Shay, J. Am. Pharm. Assoc., 34, 78 (1947). 

4 Funke, Bovet, and Montezin, Ann. inst. Pasteur , 69, 358 (1943). 
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Koller, in 1884, reported his results with cocaine in ophthalmological 
practice, thereby introducing “ local ” anesthesia. As a medical dis¬ 
covery, anesthesia ranks second to Lister’s introduction of the practice 
of surgical antisepsis and asepsis. Without anesthesia surgery could 
not have progressed and advanced as it has. 

Cocaine, valuable as it is as a local anesthetic, has several clinical and 
commercial disadvantages. It is a habit-forming drug and as such is 
restricted under the narcotic laws, and it does produce in the patient 
undesirable side effects. It cannot be sterilized well in pharmaceutical 
preparations without undergoing hydrolysis. 


ch 2 — 

—CH — 
-I- 

— CH—COOCHj 


Inch, 

! 1 

CH—0—66—C e l£] 
—CH 2 ] 

ch 2 — 

—rCH- 

i_ 


Cocaine showing aneetheeiophoric group. 

The chemistry of cocaine and its structure arc described under the tropane alka¬ 
loids. Early in the study of the chemistry of cocaine, the question naturally arose: 
To what portion of the molecule does the compound owe its activity? As a partial 
answer to this question, it was observed that the anesthetic activity was lost if either 
the methyl ester group or the benzoyl group was removed. Removal of the N- 
methyl group had no particular effect on the activity. In order to determine whether 



a -Eucalne 

the pyrrolidine nucleus (the five-membered ring) was necessary, a compound with 
the piperidine ring (six-membered) analogous to that found in the natural base was 
synthesized. Three molecules of acetone were condensed with ammonia to form tri- 
acetoneamine. This was methylated, converted into the cyanohydrin which was 
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hydrolyzed, the carboxyl group esterified, and the hydroxyl group benzoylated to 
form a-eucaine. This compound is about as strongly anesthetic as cocaine, and it 
has the advantage of being stable when its salts are boiled in aqueous solution for 
sterilization. Since, however, it is somewhat painful and irritant on injection, it 
was superseded by 0-eucaine, which may be prepared in an analogous manner, 
starting with diacetoneamine and acetaldehyde. 1 

B,C-H H 
II 

CO NH * O-CH-CH, -> 

CH — 

CH, 

Dlacctoncamlno 



reduction and 
MtcrtflcaUoQ 


CH r CH-CH, 

"wij nnnln"j 



^•Eucalno 


0-Eucaine is less toxic and safer in practice than is a-eucaine. 

As information accumulated, it was learned that certain minimum structural 
requirements are necessary in compounds of this type. 

Ritsert* had established by 1890 that ethyl p-aminobenzoate possesses anesthetic 
activity, and the compound which he had prepared from it with p-phcnolsulfonic 
acid, he called “ subcutin ” because it could be injected subcutaneously. 


Einhorn, 3 who had worked with Willstatter on the chemistry of 
cocaine, made the generalization: “ All aromatic esters possess the 
capacity to produce anesthesia.” Other factors might have a modifying 
effect, but the minimum requirement is that the compound must be 
an ester of an aromatic acid. Einhorn prepared esters of this type, e.g., 
orthoform and new orthoform, the methyl esters of p-amino-ra-hy- 
droxybenzoic acid and of m-amino-p-hydroxybenzoic acid, respectively: 


NHj 

i 

OH 

1 

C 

1 

C 

/ \ 

/ \ 

CH C—OH 

CH C—NH, 

II 1 

II 1 

CH CH 

CH CH 

\ X 

\ ✓ 

C 

i 

C 

| 

1 

COOCH, 

COOCHb 

Orthoform 

Now orthoform 

Ann., 296, 328 (1897); 

299, 346 (1897). 


* Bodendorf, Dent. Apoth. Zlg., 49, 1642 (1934). 

* Ann., 371, 125 (1909). 
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This observation led to the synthesis of a large number of analogous 
esters of which ethyl p-aminobenzoate, anesthesin, and n-butyl p-amino- 
benzoate, butesin, are finding practical use. 

A series of the alkyl p-aminobenzoates, when tested against goldfish, 
showed increasing potency in the order :* methyl, ethyl, allyl, isopropyl, 
tert- butyl, sec-butyl, n-propyl, isobutyl, n-butyl, and n-amyl. The esters 
of higher alkyl groups are the most active, and the esters with normal 
chains are more active than those with the isomeric branched chains. 

The next advance was in the recognition that the presence of a basic 
nitrogen atom in the esterified alcohol was highly desirable; it permitted 
the formation of neutral soluble salts, solutions of which could be 
injected, and it also influenced the activity favorably. Thus, it was 
recognized that in cocaine the “ anesthesiophore ” group was Ar—CO— 

O—( 0 ) n —shown in the boxed area of the formula for cocaine. It will 

I I 

be observed that the same grouping is present in the eucaine structures. 

After Einhorn and Uhlfelder 2 described the synthesis of procaine, 
or, as they called it, novocaine, which also contains the same anesthesi- 
ophoric group as the eucaines and cocaine, 

H,N——CO—OCHiCHj—N (C,H S ), 

Procaine or novocaine. the p-aminobenzoic acid eater of /J-diethylaminoethanol 

there were inaugurated research programs which have resulted in the 
synthesis of literally hundreds of compounds, most of them containing 
the same anesthesiophoric arrangement. Perhaps no field in the synthe¬ 
sis of medicinal products has been studied more extensively than the 
domain of compounds related, by homology or analogy, to procaine 
and cocaine. Unfortunately the evaluation of the products was made 
by about as many different procedures as there were investigators, and 
it will be impossible to co-ordinate the available data and summarize 
completely the effect of chemical structure on physiological activity. 
To do so would necessitate an attempt to reconcile many apparently 
conflicting results. Consequently, only general effects and tendencies 
will be indicated. This may, perhaps, be accomplished best by con¬ 
sidering three separate structural elements of the anesthesiophoric 
grouping, namely: 

I 

Ar—CO—0 (C) n —N= 

I 

A B C 

1 Adams, Rideal, Burnett, Jenkins, and Dreger, J. Am. Chem. Soc., 48, 1758-1770 
(1926). 

a Ann., 371, 131-142 (1909). 
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the acid with which the compound is esterified, the alkanol group which 
is esterified and bears the basic amino-nitrogen, and the nitrogen with 
particular reference to the substituents which it carries. Naturally 
such a review will, at best, be sketchy and only roughly qualitative. 

The Acid (Part A) 

The acid which may be used for esterification (Part A) may vary 
within wide limits. There are, however, some acids whose use does not 

R' 

confer anesthetic activity, such as the dialkylacetic acids, 

or the pyridinecarboxylic acids. 1 On the other hand, compounds were 
shown to have anesthetic properties if the fatty acid contains an aromatic 
substituent, or if it is an aromatic acid. Thus, benzoic acid, phenyl- 
acetic acid, a-phenylpropionic acid, etc., may all be employed. 

The piperonylic acid ester of diethylaminoethanol is called Pipero- 
caine, and the ester of diethylaminopropanol is called Piperothesine. 


^CHCOOH, 

R 


^Y_5>ch, 

Y 

CO—0-CH 2 CH 2 N (CtH»)r HC1 

Pipcrocainc* 


/\^0> CHa 



C0-0-CH 2 CH 2 CH 2 N (C 2 H*)r HC1 

Piperothesine 


As a rule, which must not be taken too literally, the p-ami nobenzoates 
are more effective than the corresponding benzoates. 3 The same holds 
true for the p-hydroxybenzoates and the p-alkoxybenzoates. In an 
homologous series of esters of the type, 

CH—CH 

RO—^C—CO—O— (CH 2 ) n —N (C 2 H 6 ) 2 
CH=CH 

it was found that the anesthetic potency increased as R became larger, 
and that the normal alkyls are more effective than the branched-chain 

1 Chiang and Hartung, J. Org. Chem., 10, 26 (1945). 

* Kuwahata, Ochiai, and Nukita, Folia Pharmacol. Japon., 7, 11-29, 409-421 
(1928); C.A., 23, 2499, 5236 (1929). 

> Mannich and Hof, Arch. Pharm. t 265, 589-598 (1927). 
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alkyls. 1 Esters of the a- and 0-naphthoic acids are also anesthetic. • 
Carboxylic acids of heterocyclic compounds have been found to have 
anesthetic activity. Thus the cocaine, eucaine, and stovaine analogs 
of 2 -carboxythiophene I, the thiophene analog of benzoic acid, are 
strong local anesthetics.* The 2-carboxypyrrol analog of procaine II 
and its higher homologs also have procainelike activity, though t ey 
are somewhat weaker than the corresponding p-aminobenzoates. • 
Much the same is true for derivatives of 4 -carboxypyran III: 7 


CH-CH 

II II 

CH C—COOH 

\/ 

s 

I 


H 


CH C—CO—0—CH2CH2N (C 2 H*) 2 

\ / 

NH 

11 


CH=CH 

()/ ^>CH-COOH 

CH=CH 

hi 


The esters of furoic acid have been found to be anesthetics, the activity 
increasing from methyl to amyl.* The esters of 2 -alkoxycinchoninic 
acids produce local anesthesia. M0 


CH 

II 

CH 

\ / 

O 


!H 

II 

C—COOR 


Furoic eater 


COOH 

I 

c c 

/ \ / \ 

c c c 

I II I 

C C C—OR 

\ /\ / 

C N 

2-AIkoxycinchoninio sold 


An interesting variant has been introduced by employing p-amino- 

‘Rohmann and Scheurle, Arch. Pharm., 274, 110-126 (1936). 

* Fisk and Underhill, J. Pharmacol., 49, 329-336 (1933). 

* Bjerregaard and Houston, Proc. Oklahoma Acad. Set., 14, 77 (1934); C.A., 28, 
6851 (1934). 

« Steinkopf and Ohse, Ann., 437, 14 (1924); 448, 205 (1926). 

6 Kamm, J. Am. Chem. Soc., 42, 1030 (1920). 

8 Blicke and Blake, J. Am. Chem. Soc., 52, 235 (1930); 53, 1051 (1931). 

7 Leffler and Brill, J. Am. Chem. Soc., 55, 365-370 (1933). 

8 Phatak and Emerson, J. Pharmacol., 58, 174-177 (1936); C.A., 31, 1103 (1937). 

9 Gardner and Hammel, J. Am. Chem. Soc., 58, 1361 (1936). 

10 Wojahn, Arch. Pharm., 269, 422-427 (1931). 
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thiobenzoic acid. 1 - 2 The analog of procaine, called Thiocaine, H 2 N- 
C 6 H 4 CO S CH 2 CH 2 N(Et) 2 , is reported to have “anesthetic effi¬ 
ciency four to six times that of procaine and a toxicity about half that of 
cocaine.” 


The Alkyl Chain (Part B) 

Two compounds of the type 

CH—CH 

✓ \ 

CH 3 O-C C-CO-O— (CH a )„—N (C 2 H 6 ) 2 

\ / 

CH=CH 

in which n equals 2 and 5, respectively, were compared with cocaine; it 
required a concentration 24 times greater of the ethane derivative than 
of the pentane compound to produce the same degree of anesthesia in 
the web of a frog’s foot. In the corresponding ethoxyl compounds the 
ester in which n is 3 was found to be six times more effective, measured 
in the same manner, than the ester in which n was 2. 9 The effect of 
increase in the length of the chain in this portion of the molecule would 
seem worth further investigation. 

Few generalizations are permitted as to the effect produced by modi¬ 
fications of the alkyl between the acid residue and the nitrogen (part 
B of the general formula). As a general rule propanol compounds, C 3 , 
are more active than the corresponding ethanol derivatives. M Sub¬ 
stitutions in the chain include various alkyl groups, e.g., two methyl 
groups in larocaine and in tutocaine and a phenyl in allocaine. 

CH 3 

_ I 

CH 2 —C—CH 2 —N (C 2 H 6 ) 2 

I I 

0 ch 3 

OC—^>NH, 

Larocaine 

The benzoates, p-aminobenzoates, and cinnamates have been pre¬ 
pared of dialkylaminomethanol, forming Ar—CO—0—CH 2 NR 2 in 
which the R was ethyl, n-propyl, n-butyl, and isoamyl. Although an 

1 Hansen and Fosdick, J. Am. Chem. Soc., 55, 2872-2874 (1933); U. S. pat. 
2,090,756 (1937). 

* Lischer and Jordan, J. Am. Chem. Soc., 59, 1623-1624 (1937). 

* Rohmann and Scheurle, Arch. Pharm., 274, 110-126 (1936). 

4 Meeker, J. Lab. Clin. Med., 11, 139 (1925); C.A., 20, 1852 (1926). 

4 McElvain, J. Am. Chem. Soc., 49, 2835-2840 (1927). 


CH 3 

CH3— CH-CH-CHj—N (CH 3 ) 2 
O 



Tutocaine 
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increase in molecular weight resulted also in an increase in the anesthetic 
potency, these compounds were not so active as the homologs of the 
type* Ar—CO—O—CH 2 CH 2 NR 2 . 

It appears that most investigators have confined their activities to 
compounds in which the number of carbon atoms of this portion, in a 
straight chain, is either two or three. The benzoate of diethylamino- 
methanol, CeHjCOOCHtNtCiHOrHCl, has been prepared and found 
irritating when applied to the rabbit cornea . 2 In cocaine, tropacocaine, 
and the eucaines, and many other compounds of this type, there are 
three carbons. Although many derivatives are known and have been 
examined in which these two or three carbon atoms of the normal con¬ 
necting chain are substituted, compounds with longer normal chains are 
little known; hence, it is impossible to say at what point the anesthetic 
activity ceases. 

Allocaine will be recognized as the benzoic ester of a compound related 
to ephedrine. 

CH, 

I 

C*H*—CH—CH—N (C 2 H 6 ) 2 

I 

O—OC—CftHft 

Allocaine 

Closely related compounds with strong anesthetic action were obtained 
in the synthesis of compounds of the type: 

NR 2 

I 

Ar-CH—CH—CH 3 

I 

0-0Ct-C 6 H 5 

in which R 2 is dimethyl, diethyl, or pentamethylene and Ar is p-meth- 
oxyphenyl, or m,p-dimethoxyphenyl, or m,p-methylenedioxyphenyl . 3 

An interesting substitution is that in Alypin in which the chain 
branches, and two terminals have the characteristic dialkylamino 
grouping. 

CiHs 

I 

(CH 3 ) 2 N—CHr- C—CHa—N (CH 3 ) 2 

I 

o—OC— c 6 h 5 

Alypin 

* Lynn and Lofgren, J. Am. Pharm. Assoc., 21, 541-548, 761-764 (1932). 

2 Lynn and Lofgren, J. Am. Pharm. Assoc., 14, 970-972 (1925). 

* Mannich and Schmitt, Arch. Pharm., 266, 73-84 (1928). 
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Another interesting series is found in the esters of cyclic amines, e.g., 
those obtained by the hydrogenation of dialkylaminophenols, 


CH—CH H CH 2 —CH 2 

R » N —C\ /C—OH yCHOH 

CH—CH R S N CHj—CH 2 


The 4-dialkylamino-cyclo-hexanols exist in two forms, cis and trans, 
each yielding a different ester with p-aminobenzoic acid. The ester of 
the trans form, when tested on goldfish, 


H CH 2 CH 2 CH-CH 

\/ \ X \ 

(CH 3 ) 2 N—C CH— o—oo—c c —nh 2 

\ / \ / 

ch 2 —ch 2 ch=ch 


was found to be about as active as cocaine and about twice as active as 
the ester of the corresponding cis isomer. In this compound the esteri- 
fied portion may be looked upon as a bridge connecting the N to the acid 
residue. The corresponding 3-dialkylamino-isomer is more active. 1 

Unsymmetrically bridged chains were obtained from cyclohexanone, 
formaldehyde, and a secondary amine by means of the Mannich reaction 
which may be indicated as follows: 


CH, 

/\ 

h 2 c ch 2 

I I 

H 2 C C=0 

\/ 

CHj 


+ HCHO + HNRj 


CHi 

/\ 

HiC CH—CH, 

I I 

h 2 c choh 

\/ 

CH, 


CH a 

/\ 

H 2 C CH—CH, 

I I 


-nr 2 


H, 


HiC 0=0 

\/ 

ch 2 

CHj 4 

/\ 

-NRj H 2 C CH—CHj—NR* 

H 2 C CH—O—OC—AR 

\/ 

CHj 


Benzoates in which R 2 is dimethyl, diethyl, or pentamethylene are 
reported to be very strongly anesthetic. 2 The alkyl may contain the 

1 Heckel and Adams, J. Am. Chem. Soc., 49, 1303-1307 (1927). 

* Mannich and Hdnig, Arch. Pharm., 265, 593-010 (1927). 
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carbethoxy group; e.g., the ester obtained from p-aminobenzoic acid and 
ethyl <*-hydroxy-/3-aminobutyrate 

p-NH 2 — CeH 4 — COO—CH (COOEt)— CH (NH 2 )—CH 3 

has pronounced anesthetic action . 1 

Amino Group (Part C) 

In these compounds the greatest structural modifications have been 
made in the substituents on the nitrogen atoms (part C of the general 
formula). Derivatives of primary amines are active. Thus, the pri¬ 
mary amine corresponding to allocaine 

ch 3 

alkali 

CeHs—CH—CH—NH 2 -HC1 —> C*H 6 —CH—CH—CH 3 

I I I 

o—OC—CeH* OH NHCOC«H 6 

is reported to have an activity approaching that of cocaine, and a toxicity 
about a third as great. However, the compound is stable only as a salt, 
and, when an attempt is made to isolate the free ester-base, the molecule 
rearranges, the benzoyl group shifting from the oxygen to the nitrogen : 2 
The reversible migration of the acyl group between the oxygen and the 
nitrogen in amino alcohols of the ephedrine type is discussed by Welsh . 3 

Derivatives of secondary amines have attracted interest. The p-ami- 
nobenzoates were synthesized according to the procedure : 4 

N*OH 

NOz—C«H 4 —CO—Cl + HO (CH 2 )»NH—R —► 

N0 2 —C 5 H 4 —-CO—O—(CHi) b —NH—R 

NH 2 —C«H 4 —CO—O—(CH 2 )„—NH—R 

and the p-alkoxybenzoates were obtained by allowing the hydrochloride 
of the aminoalcohol to react with excess of the desired benzoyl chloride , 6 
RO-C*H 4 -CO-Cl + HO— (CH 2 ),—NHR' (HC1) — 

RO—C 6 H 4 —CO—O—(CH 2 ) n —NHR'(HCl) 

Amylsine and monocaine are examples of useful anesthetics of this 
series (see page 355). 

Tertiary amines have been used almost universally. These represent 
various types. First, there are the dialkylamino compounds, e.g., the 

1 Konek and Szasz, Wien. Chem. Ztg., 46, 266 (1943); C.A., 40, 6064 (1946). 
2 Hartung, Munch, and Kester, J. Am. Chem. Soc., 54, 1526 (1932). 

2 Welsh, J. Am. Chem. Soc., 69, 128 (1947). 

4 Goldberg and Whitmore, J. Am. Chem. Soc., 59, 2380 (1937). 

6 Pierce, Salisbury, and Fredericksen, J. Am. Chem. Soc., 64, 1691 (1942). 
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dimethylamino, the diethylamino, etc. In members of this type anes¬ 
thetic efficiency seems to increase with the weight of the alkyl group. 
In a series of p-aminobenzoates of — CfcUCHjNR* and — CH 2 CH 2 CH,- 
NR 2 it was found that activity was greater when R was C 3 or C 4 . Some 
of the compounds, however, were quite irritating. 1 The same was true 
for a series of esters of dialkylaminomethanols. 2 - 3 
The substituents on the nitrogen may also be unlike, 4 or the terminal 
carbons of the two alkyl groups may be joined. 5,6 



O—O—CH 2 CH 2 N 


/ 

\ 


Procaine, 

diethylaminocthyl p-aminobensoate 







—CO—0—CH 2 —CH 2 —N 


CH 2 CHa 

CHjCH, 

CH 2 CH 2 


t/ 


\ 


I 

ch 2 ch 2 


Pyrrolidinoetbyl p-aminobenxoate 


thus forming, with the nitrogen, a heterocycle. A more common type 
of cycle occurs in the piperidino derivatives, 7 • M * , ° of which Metycaineis 
an excellent example: 

CH 2 -CH 2 

C*H&-—CO—0—CHjCHjCHf—)CH 2 

CH—CH 2 

I 

ch 3 

Metyeaine 

The effect on activity of further variations in the fundamental structure 
of local anesthetics is discussed for a series of 43 new, synthetic com¬ 
pounds by Gilman, Goodman, et al. n 

As matters now stand, the choice in the clinic for a local anesthetic is 
not based necessarily upon the potency of the compound, but upon 
other factors. First of all, the drug should have the minimum of side 


* Meeker, J. Lab. Clin. Med., 11, 468-174 (1925); C.A. , 20, 1852 (1928). 

* Lynn and Lofgren, J. Am. Pharm. Assoc., 21, 761—764 (1932). 

* Lynn and Lofgren, J. Am. Pharm. Assoc., 14, 970-972 (1925). 

« Brill, J. Am. Chem. Soc., 54, 2484-2487 (1932). 

8 Blicke and Blake, J. Am. Chem. Soc., 53, 1015-1025 (1931). 

* Andrews and McElvain, J. Am. Chem. Soc., 51, 887-892 (1929). 

* McElvain, et al., J. Am. Chem. Soc., 49, 2835-2840 (1927); 50, 3348-3354 (1928); 
52, 1633-1640 (1930); 55, 4625-4629 (1933). 

8 Barnes and Adams, J. Am. Chem. Soc., 49, 1307-1315 (1927). 

9 Marvel and Shelton, J. Am. Chem. Soc., 51, 915-917 (1929). 

10 Leffler and Brill, J. Am. Chem. Soc., 55, 365-370 (1933). 

11 Gilman, Goodman, Thomas, Hahn, and Prutting, J. Pharmacol, 74,290 (1942). 
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reactions. Many of the compounds described are reported to produce 
irritation. This irritation may be caused by the base, or the compound 
may be too acidic in the form of its salts. A second factor is stability. 
It is often necessary to sterilize solutions of the anesthetic without pro¬ 
ducing deterioration. In other words, the drug must be sufficiently 
stable for pharmaceutical preparation. A third factor, not decisive, is 
the ease of chemical manufacture. A compound that is clinically desir¬ 
able for purposes for which no other known drug is available will always 
be synthesized, and the price will be regulated accordingly; but other 
things being equal, the material that can be produced most economi¬ 
cally will be preferred. 

The esters of this class that have been approved for clinical use include: 
Procaine Hydrochloride, U.S.P., N.N.R. (Novocaine, 0-Diethyl- 
aminoethyl p-aminobenzoate), p-H 2 N—C«H 4 —CO—O—CH 2 —CH 2 — 
N(CtH»)s, is used as the hydrochloride, U.S.P., borate, and nitrate. 
All the salts are similar in activity, the activity being proportional to 
the amount of procaine base present. It is less toxic than cocaine. It 
is a prompt acting and powerful anesthetic when injected subcutaneously. 
The anesthetic effect is not well maintained, and so it is usually admin¬ 
istered with a solution of epinephrine which through its peripheral 
action retards the rate of absorption of the procaine. It is not an 
effective anesthetic when applied to intact mucous membranes. 

Procaine salts are used in concentrations varying from about 0.5 to 
20 per cent, depending on the type of anesthesia required, and with epi¬ 
nephrine salts in concentrations varying from about 1 : 20,000 to 
1 : 10 , 000 . 

In compounds of the procaine type it is the aliphatic amino portion of the molecule 
that forms stable salts with acids. The amino group substituted in the benzoic 
acid portion of the compound is very weakly basic and, in a manner characteristic for 
aromatic amines, forms salts that are readily hydrolyzed in solution. 

Various methods for the synthesis of procaine have been patented . 1 
These procedures include: The esterification of p-aminobenzoic acid 
with diethylaminoethanol in the presence of sulfuric acid. 

H 2 N-C 6 H 4 -COOH + HOCH 2 CH 2 N(C 2 H 5 ) 2 ^ 

H 2 N—C 6 H 4 -COO (CH 2 ) 2 N (C 2 H 5 ) 2 

The alcoholysis of a methyl group in methyl p-aminobenzoate by means 
of diethylaminoethanol. 

H 2 N—C 6 H 4 —COOCH 3 4- HOCH 2 CH 2 N(C 2 H 5 ) 2 ^£ 

H 2 N—C 6 H 4 —COOCH 2 CH 2 N (C 2 H 5 ) 2 
The reaction of sodium p-aminobenzoate with diethylaminoethyl chlo¬ 
ride. 

1 German pat. 180,291; 172,568; 189,335; 194,748; 179,627. 
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H 2 N—C 6 H 4 —COONa + C1CH 2 CH 2 N(C 2 H 6 ) 2 —► 

H 2 N—C 6 H 4 —COOCH 2 CH 2 N (C 2 H 5 ) 2 

The condensation of 0-chloroethyl p-aminobenzoate with diethylamine. 

H 2 N—CftH*—COOCH 2 CH 2 Cl + HN(C 2 H 5 ) 2 —► 

H 2 N—C«H 4 —COOCH 2 CH 2 N (C 2 H 5 ) 2 

The formation of diethylaminoethyl p-nitrobenzoate and the reduction 
of this ester to the corresponding p-aminobenzoate. 

0 2 N—C 6 H 4 —COOCH 2 CH 2 N(C 2 H 5 ) 2 

H 2 N—C e H 4 -COOCH 2 CH 2 N (C 2 H 6 ) 2 

The /3-diethylaminoethanol required for condensation with p-amino- 
benzoic acid, or preferably with p-nitrobenzoic acid, may be obtained by 
condensing ethylene chlorohydrin with diethylamine: 

HOCH 2 CH 2 Cl + HN(C 2 Hs) 2 —► HOCH 2 CH 2 N(C 2 H 5 ) 2 


Another reaction frequently employed is to condense diethylamine 
with the p-nitrobenzoate of ethylene chlorohydrin and then to reduce 
the diethylaminoethyl ester as already indicated. 


0 2 N—CH 4 —COOH + H0CH 2 CH 2 C1 —> 

OjN—C«H<—COOCHj—CHj—Cl HN J££ U) ’ 

0 2 N-C,H,-C00CH 2 CH 2 N(C 2 H 6 ) 2 

H 2 N—C«H«—COO—CH 2 —CHj 


-N(C 2 H *) 2 


Practically all the compounds of this class are synthesized according 
to some appropriate adaptation of these procedures. It will be impossi¬ 
ble to give the synthesis of each of the compounds. But it should be 
noted that the difficulty in synthetic procedures is not always in the 
formation of the ester, but frequently is in the manufacture of the 
dialkylaminoalkanol, HO(CH 2 )„NR 2 , which is to be esterified. 

Butacaine Sulfate, U.S.P., N.N.R. (Butyn, 7 -Di-n-butylaminopropyl 
p-aminobenzoate), [H 2 NC«H 4 —CO—0(CH 2 )a—N(n-C^gHhH^O^ is 
a higher homolog of procaine. It has about the same toxicity as cocaine 
on injection. Since it penetrates mucous membranes readily, it is used 
extensively as a surface anesthetic replacing cocaine, particularly in eye 
surgery, because it does not cause mydriasis. It is generally used as the 
sulfate in a 2 per cent solution, which may be sterilized by boiling without 
decomposition, for eye, ear, nose, and throat surgery, the solution being 
applied topically. 

Larocaine (The p-Aminobenzoate of Diethylamino-neopentyl Al¬ 
cohol), H 2 N—C«H 4 —CO—OCHr-C(CH 3 ) 2 —CHz—N(C 2 H 6 ) 2 , com¬ 
pares favorably with both cocaine and procaine. Larocaine acts more 
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promptly than either procaine or cocaine, and its effect is prolonged, 
lasting from 3 to 5 hr. when used as an infiltration anesthetic. It is 
usually employed in concentrations of the hydrochloride varying from 
0.25 to 10 per cent, depending on the purpose for which it is used. 

Tutocaine, N.N.R. (Tutocaine Hydrochloride, Butamin, a,0-Di- 
methyl- 7 -dimethylaminopropyl p-aminobenzoate), H*N—CeH4 CO 
O—CH(CH 3 )—CH(CH 3 )CH 2 N(CH 3 ) 2 , is used as the hydrochloride in 
2 to 5 per cent solutions to produce corneal anesthesia, and for nose and 
throat work. The onset of anesthesia is reported to develop more slowly 
than with cocaine but the effect is about equally intense. Solutions 
containing 0.5 to 1 per cent are used in the genitourinary tract and 0.2 
per cent solutions are used for infiltration anesthesia. These solutions 
may be sterilized by boiling for a short time. 

Amylsine Hydrochloride, N.N.R. (2-p-Aminobenzoxy-l-n-amylamino- 
ethane Hydrochloride), is a white, crystalline powder soluble in water 
and insoluble in organic solvents. It resembles cocaine in activity but 
does not cause dilation of the pupil when instilled in the eye. It is 
employed in ophthalmic practice when mydriasis is not desired in 
aqueous solutions of 2 to 4 per cent concentration. 

Monocaine Hydrochloride, N.N.R. (Isobutylaminoethyl p-aminobenzo- 
ate), HjN—C 6 H 4 —CO—0—CH 2 —CH*—NH—CH*—CH(CH 3 ) 2 HC1, 
is reported to be an effective anesthetic when applied topically. It is 
a white, crystalline powder, soluble in water and in alcohol. It is used 
for infiltration anesthesia. 

Tetracaine Hydrochloride, U.S.P., N.N.R. (Pontocaine Hydro¬ 
chloride, 0-Dimethylaminoethyl p-n-butylaminobenzoate Hydrochlo¬ 
ride), (n)H 9 C4NHC«H4—CO—O—CH*—CH 2 —N(CH 3 ) 2 HC1, differs 
from the previously mentioned compounds chiefly because of the alkyl 
substituent on the nitrogen in the aminobenzoic acid portion of the 
molecule. The hydrochloride possesses, in general, the properties of 
procaine hydrochloride; it is, however, capable of producing corneal 
anesthesia and is effective on mucous membranes. In spinal anesthesia 
its action is quite prolonged. It is employed as a solution of the hydro¬ 
chloride, 0.5 to 2 per cent in eye and nose anesthesia and 1 per cent for 
spinal anesthesia. 

Amydricaine Hydrochloride, N.N.R. (Alypin Hydrochloride, 2-Benz- 
oxy-2-dimethylaminomethyl-l-dimethylaminobutane Hydrochloride), 

C 2 H 5 

I 

(CH 3 ) 2 N—CH 2 —C—CH2—N (CH 3 ) 2 HC1 


o—oc—c 6 h 6 
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is claimed to be equal to cocaine in anesthetic activity, but it is not 
mydriatic and, hence, does not produce a disturbance in visual accom¬ 
modation. It is recommended for use in ophthalmology, rhinolaryn- 
gology, urology, dentistry, and minor surgery. It is used in solutions, 
freshly prepared and sterilized, varying from 0.5 to 10 per cent, depending 
on the purpose for which they are employed. 

Apothesine ( 7 -Diethylaminopropyl Cinnamate), C 8 H 6 —CH=CH— 
COO—CH 2 CH 2 CH 2 —N (CjH*)*, is effective after injection. It is about 
twice as toxic as procaine, and when injected stronger solutions are 
advised than are necessary with cocaine. It is employed for infiltration 
injection, nerve blocking, intraspinal injection, and oral administration. 
Its solutions may be sterilized by boiling. Solutions of 0.5 to 2 per cent 
are used for local anesthesia. 

Metycaine Hydrochloride, N.N.R., acts promptly either by injection 
or by application to mucous surfaces. Its toxicity is comparable to 
that of procaine when given subcutaneously, but, when administered 
intravenously, it is about three times as toxic. It is used in 2 to 10 per 
cent solutions and in 4 per cent ophthalmic ointment for nose and throat 
anesthesia; in the genitourinary tract, 0.5 to 4 per cent solutions are 
used. It is employed as a solution of the hydrochloride. 


C«H 5 —CO—O—CH2CH2CH2—N 


CH2-CH2 

\ / CHi 

CH-CH 2 

I 

ch 3 


Metycaine. 


benzoic eetcr of y-(2-methylpiperidino)-propanol. In’ this compound the two alkyls attached to the 
nitrogen may be looked upon as being joined at their terminals. 


Naphthocaine, injected as a solution of the hydrochloride salt, pro¬ 
duces immediate anesthesia . 1 


NH 2 



COOCH 2 CH2N(C2H 6 ) 2 

Naphthocaine 


H,C-CH, 

I I 

CO—HC CH—cooch,ch,nhc,h 6 

I \ / 

O N 

I I 

(CH,), CHr-C«H 6 

I 

NHC,H S 


Di-(0-ethylaminoethyl) 
l-benzylpyrrolidine-2,5-dicar boxylate 


The di- 03 -ethylaminoethyl) ester of 1 -benzy 1-2,5-dicarboxypyrrolidine 

shows anesthetic activity about equal to that for procaine . 2 

* Stewart, Am. J. Ophthalmol., 27, 178 (1944); C.A., 38, 1839 (1944). 

1 Loomis and Spielmeyer, Yale J. Biol. Med., 18, 165 (1946); C.A., 40, 3192 (1946). 
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Structurally related compounds with anesthetic activity include the 
following alkyl esters of p-aminobenzoic acid. 

NH 2 —C«H 4 -C0-0-C 2 H 5 NH 2 —C#H4—CO—O C 4 H 9 

Bcnzocaine. n-Butyl p-aminobenzoat«. U.S.P. 

Ethyl p-aminobenzoate, U.S.P. 



Orthoform. N.N.R., Buteain picrate, N.N.R. 

methyl m-amino-p-hydroxy benzoate 




These compounds have already been discussed in part in the considera¬ 
tion of the procaine-type anesthetics. All of them are slightly soluble 
which limits their use. They are usually employed as dusting powders 
diluted and intimately mixed with sterile talc. Although they are 
practically insoluble in water, they are soluble in oils and fats and are 
often used in oil solutions, ointments, and suppositories. Butesin pic¬ 
rate combines the anesthetic activity of butesin with the antiseptic 
activity of trinitrophenol. It is used to treat burns and other painful 
denuded skin surfaces, usually being applied in the form of a 1 per cent 
ointment. 

Ethyl p-aminobenzoate is capable of absorbing those light waves 
in the ultraviolet region, in the neighborhood of 3100 A, responsible for 
producing sunburn; therefore, incorporation of this ester into lotions or 
ointments makes possible the protection against undue exposure to the 
summer sun. 

The esters of disubstituted acetic or glycolic acids are of interest, not 
because of their anesthetic properties which are probably very weak, 
but because of their spasmolytic character. The hydrochloride of benzyl 
/3-dimethylamino-a-phenyl-a-ethylpropionate is reported to have an 
antispasmodic action on smooth muscles of isolated organs. It is more 
effective and less toxic than papaverine . 1 Dialkylaminoalkyl esters 
of diarylacetic acids also show spasmolytic action . 2 Examination 
of a group of 41 such esters showed diethylaminoethyl fluorene-9- 
carboxylate, depending on the test object, to possess activity from 0.14 
to 20 times that of atropine; as an antagonist to the vascular action 
of acetylcholine it was 0.008 times as active as atropine . 3 

1 Unna, J. Pharmacol., 70, 179 (1940). 

2 Richardson, U. S. pat. 2,390,555; C.A., 40, 1970 (1946). 

8 Lehman and Knoefel, J. Pharmacol., 74, 274 (1942). 
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Trasentin (Hydrochloride of Diethylaminoethyl Diphenylacetate) is 
a parasympathetic antispasmodic and, like atropine, abolishes the spasm 
through its action on the nerves. 1 In this ester one of the phenyl groups 
may be replaced by the a-thienyl group without decreasing the anti- 

C 6 H 5 

, ^)CH—COOCHjCHjN (CiH»)i-HCI 

C.H6 

Trasentin 



HC C—CH—COOCH 2 CH 2 N (C*H 6 ) 2 

\ / I 

S C 6 Hs 

Thiophene analog 


spasmodic properties of the molecule.* 

In a similar manner, and perhaps to even higher degree, the esters of 
the diarylglycolic acids show anticholinergic and spasmolytic properties. 
If one of the phenyl groups is hydrogenated, i.e., converted into cyclo¬ 
hexyl, the compound is still very active. If one phenyl is replaced by 
thienyl, the compound is more active. 3 


C*H* OH 



R COOCH 2 CH 2 NEt2 

R >phenyl, thienyl or cyclohexyl 


Only esters of diethylaminoethanol or dimethylaminoethanol are active. 3 
These esters also exhibit mydriatic activity; this is especially true for the 
quaternary ammonium salts. Thus, the ethochloride of dimethylami- 

r / CH> 1 


noethyl diphenylglycolate, 


(CeHs^COHCOOCHiCH^—CH a 

X C,Hs J 



is as potent as atropine. 4 The corresponding isopropyl chloride de- 

rivative is 0.85 times as active. __^ TT ___ T _ T _ 

In two series of esters of structures C.H.—CHR—COOCHtCHsNEt. 
and C.Hi_CHR—CO—S—CHiCHiNEtj, in which R is a phenyl or an 

• Meier, Klin. I Voduckr., IS, 1403 (1936); C.A 31, 1099 (1937). 

> Lands and Nash, Proc. Soc. Expll. B xoi ' 129 a946) 

• Lands, Nash, and Hooper, J. PharmaccL ExpU Th^rap ., 86, 129 (1946). 

4 i ng> Dawes, and Wajda, J. Pharmacol, 85, 85 (1945). 
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alkyl group from C, to C., the spasmolytic activity was found to be 
greater than that for papaverine but less than that for atr °P“®- 

Of another series of 11 analogous compounds the two ^tProm s g 

are diethylaminoethyl 1 -phenylcyclopropanethiocarboxylate (I) a 
w-morpholinohexyl 1 -phenylcyclohexanecarboxylate (11). 

CH ’ .C*. 


\c/ 


a * 

S—CHt—CH*—N (C 2 H 6 ) 2 

CH2 


CHa 

/ \ 

H 2 C CHa 

| | 

HaC C( 

\ / XX)—0(CHa)e 
CHa 


-N 


CHa—CHa 

< > 

CHa—CH 2 


II 

Diethylaminoethyl Fluorene-9-carboxylate, known also as pavatrine, 
administered intravenously to dogs, counteracts hypertonus of the 
sphincter of the bile duct. 3 The acetate of piperidinoethy tropate, 
known as navigan, has been suggested as a remedy for sea sickness. 



/ 

CgH*—CH 

CO—O—CHa—CHa—NC 5 H 10 

Navigan 

1 Dupr6, Levy, and Tchoubar, Compt. rend. soc. Wo/., 140, 477 (1946); C.A., 41, 
2163 (1947). 

a Weston, /. Am. Chem. Soc., 68, 2345 (1946). 

3 Hohf and Ivy, Quart. Bull. Northwestern Med. School, 20, 311 (1946); C.A. , 40, 
6681 (1946). 

4 Deal. med. Wochschr., 1928, 21. 
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Surfacaine (Cyclomethylcaine) belongs to the group of piperidinoalkyl 


H 2 C<^ 


CH*—CH 2 

^>CHO— 
CHa—CH 2 


CHa—CH 2 


C—O—CH 2 —CH 2 —CH 2 —N> 


^>CH 5 


CH—CH 2 


benzoates 1 which act on damaged or diseased skin or mucous membranes. 
It is stable when boiled in aqueous solution. It is reported to be 
particularly effective in abrasions of the skin, burns, etc. 

Ammono Analogs of Anesthetic Esters 


Most of the locally active anesthetic compounds are of the ester type, 
but there are some compounds of different structure which also are 
endowed with activity. An example of this type is nupercaine. 

Dibucaine Hydrochloride, N.N.R. (Nupercaine Hydrochloride), acts 
like cocaine when applied to mucous surfaces and like procaine when in¬ 
jected, the action being relatively prolonged. Although it is more toxic, 
following injection, than cocaine, its activity is also correspondingly 
greater. In preparing solutions alkali-free glass should be used. 

CO—NH—CHjCHiN (CsHs)a 


CH C 

/ \ / \ 

HC C CH 

I II I 

jjq C C—OCHjCHiCHjCHa 

\ / \ / 

CH N 

Nupercaine 

Structurally nupercaine is an amide of 2 -butoxycinchoninic acid with 
8 -diethylaminoethylamine. If the -NH- were replaced by an oxygen 
atom, the compound would be one of the familiar esters containing the 

anesthesiophoric group. 

Refer to Franklin's The Nitrogen System of Compounds This amide 
according to Franklin's system, be caUed an ammono ester, and as such it is entirely 

1 McElvain and Carney, J. Am. Chem. Soc., 68, 2592 (1946). 
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analogous to the J-J* 

not been invest*^ In other words, the 
anesthesiophoric groups are quite analogous, or at least should be, 

I 

At—CO—O— (C) N= 


for the aquo type, and 


H 

I I 

At—CO—N— (C)«—N= 


for the amnumo type. 

The effect of structure on activity of nupercaine anabgs h^ bcen 
investigated by Wojahn.' He found that esters of the 2-alkoxycm 
choninic acids are active, as are also the amides of dialkylammes. 

Here again the analogy between the aquo and ammono system ho 
perfectly Secondary amines are considered as ammono alcoholsy 
Franklin’s system, and hence the amides must naturally be ammono 

esters. 

In a series of aquo analogs „ . 

r*n n——N (C*H*)* 


CH C 

X \ / N 

HC C CH 

I II I 

HC C C—OR 

s / \ ✓ 

CH N 

Nupercainc analog 

it was observed that as R increased from ethyl to butyl the activity 
increased, but that the pentoxy derivative was less active. It is not nec¬ 
essary to retain the alkoxy group in position 2; in other positions it pro¬ 
duces much the same effect. Its presence in the 2 position in nuper- 
caine is largely a matter of ease of synthesis. 2 

Another type of local anesthetic may be looked upon structurally as 
both an amide and an ester. Thus diurethanes of the general structure 

CHz—NH—COOR 


CH 2 —NH—COOR 

« Woiahn, Arch. Pharm., 274, 83-106 (1936). 

2 Wojahn, Arch. Pharm., 269, 422-427 (1931). 
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in which R is ethyl or isoamyl have been found to produce corneal 
anesthesia when dusted in the rabbit’s eye. 1 Urethanes formed from 
8 -aminoquinoline I are weakly anesthetic. 2 An analogous naphthyl- 
amine derivative II, with the amino hydrogen substituted by a phenyl 
and the esterified grouping, i.e., R, one of the procaine-type dialkyl- 
aminoalkanols, is a powerful local anesthetic. 3 


HC 


HC 


CH 


CH 


CH CH 

' \ / 

C 

II 
c 

t / \ 

N C 

I 

HN—COOR 
I 


CH CH 

/ \ / X 

HC C CH 

I II I 

HC C CH 

\ / \S 

CH C 

I 

CeHs—N—COOR 
R 


Dio thane Hydrochloride, N.N.R., is a useful anesthetic of the diure¬ 
thane type. It possesses properties nearly similar to those of cocaine but 
the effect is reported to last somewhat longer. 


CH*-CH, 

/ \ 

CH 2 N—CH*—CH—CH*—O—CO—NH—C^Hb 

\ / I 

CHr-CH* O—CO—NH-CeHs 

Diothaoe 

3-Pip«ridino-1.2-prop»nediol-6u(phenylur®thane) 

Structurally this compound is the bis-N-phenylcarbamic ester of piperi- 
dinopropanediol, and it is prepared by reacting with phenyl isocyanate: 4 

CHjNRj CHiNRj 

CHOH CHO—CO—NH— <t> 


| I 

CHjOH CHjO—CO—NH—$ 

The piperidine compound was selected as having the most favorable 
properties from a series in which R s varied from dimethyl to diamyl. 
A series of analogous esters has also been examined and found to possess 
less favorable action. 5 


1 Ma and Shriner, J. Am Chem. Soc., SS t 1630 0934). 

« Damschroeder and Shriner, J. Am. Chem. Soc., 58, 1610-1614 
. BoeeeandMaior, J. Am. Chem. Soc., 57, 175-176 (1935). For an excellent d«- 
cussion about the effect of structure of these compounds on physiological activity 
see Miescher, Helv. Chim. Ada, 15, 163-190 (1932). 

4 Rider, J. Am. Chem. Soc., 52, 2115-2118 
• Scott and Rider, J. Am. Chem. Soc., 55, 804 (1933). 
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Xvlocaine («-Diethylamino-2,6-dimethylacetanilide) is a highly spe¬ 
cific, stable local anesthetic which is effective in surface and injection 

“MiSe.g, formanilid, acetanilid, and phenacetin, are also said to 
possess weakly anesthetic properties. A derived anihd, bis-(p-e thoxy- 
phenyl )-acetamidine, 

NH 


H 6 C 2 0 


ch 3 n 

NH 2 

Acetamidino 



Phcnocaino or holocaino 
6t«(p-«thoxyphenyl)-acetftmidino 


known as holocaine or phenacaine, is perhaps the most active of the group. 
It is prepared by condensing phenacetin with p-phenetidme. 


CH-CH 

C 2 RiO-C / >3 -NH- C-CHa 


/ CH—CH 

\?H=CH JO HjjN-C ^C—OO 2 HB 

CH-CH 


PhenaootLn p- Phenetidin® 

Phenacaine Hydrochloride, U.S.P., is more toxic than cocaine, and 
hence it is used only by application to the eye. A 1 per cent solution of 
the hydrochloride instilled into the eye produces anesthesia in from 
1 to 10 min. Although the solutions are permanent, the salt is so 
readily decomposed that even glass vessels should be avoided in pre¬ 
paring them. 


PHENYLETHYLAMINE DERIVATIVES 

A series of medicinally important compounds may be regarded as 
derived from 0-phenylethylamine. . 

The isolation and recognition of the powerful physiological actions of 
epinephrine from the medulla of the suprarenal gland and of ephedrine 
from various species of ephedra stimulated synthetic chemical research. 
This research has resulted in the production of a number of new organic 
medicinal agents which, because they have the property of causing 
results very similar to those caused by stimulation of the sympathetic 
nervous system, have been called “ sympathomimetic ” drugs. They 
have also been called “ pressor ” drugs because they increase the blood 
pressure. 

* Lofgren, N., Studies on Local Anesthetics; xylocaine, a new synthetic drug. Ivar 
Hoeggstroms, Stockholm (1948), gives an excellent critical review of the local anes¬ 
thetics with 152 references. 
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Phenylethylamine (/3-Phenylethylamine), CeH&—CH 2 —CH 2 —NH 2 , 
occurs in putrid meat. It has some activity, but it is not used in therapy. 
It is of interest because the active drugs which are described later are 
closely related to it. This compound may be synthesized by various 
methods, e.g., CeHsCH^Cl + KCN —> CeHsCHjCN —► CeHsCH*- 
CH 2 NH 2 . It occurs as a putrefaction (decarboxylation) product of 
phenylalanine, C«H 6 CHr-CH(NH 2 )—COOH. 

Halostachine, C«H*—CHOH—CH 2 —NHCH 3 , 1 -phenyl-1-hydroxy- 
2-methyl ami noethane, m.p. 43-45°, has been isolated from Hcdostachis 
caspica . l 

/>-Hydroxyphenylethylamine (Tyramine, Systogene, Uteramine), 
HO—C«H 4 —CH 2 —CH 2 —NH 2 , occurs in ergot. This compound was 
first isolated among the putrefactive products of proteins, being formed 
from tyrosine, p-HO—C 6 H 4 CH 2 —CH(NH 2 )—COOH. It may be syn¬ 
thesized by regular processes from the appropriate intermediates. It 
has a typical sympathomimetic activity that is less intense but more 
persistent than that of epinephrine. It is used like epinephrine and is 
generally administered by hypodermic injection in solution as the hydro¬ 
chloride or acid phosphate. 

Other hydroxyphenylethylamine derivatives include: 


H 

I 

H—C 



NHCH* 
C— H 

J. 


H 


H 


I / 


CH,-CH,-N(CH,)2 



OH 




\ 


CH, 


Horderuoe 


CHj—CHa—NH» 


Synephrine 

HO NHCHa 

I I 

H—C—C—H 




Neo«ynephrine 

> Menshikov and Rubinstein, J. Gen. Chem. {U££.R.), 13, 801 (1943); C.A., 
39, 1172 (1945). 
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Epinine is a synthetic product similar to epinephrine m qua .tat.ve 
action, but less strong quantitatively. It is stable in slightly acid 
solution, and such solutions can be sterilized by boiling. Uses. as fo 
epinephrine; a 1 :100 solution of epinine is about equivalent to a 

1 : 1000 solution of epinephrine. . .. . , 

Hordenine is a tertiary amino derivative found in germinating barley. 

It is not medicinally important. . 

Synephrine is a synthetic product marketed as the tartrate. It is less 
toxic and less active than epinephrine; it has been reported to be about 
1/50 as active. It is used with procaine in local anesthesia, to shrink 
the mucous membranes in hay fever, asthma, etc., and it is reported to 


b Phenylephrine Hydrochloride, N.N.R. (Neo-Synephrine Hydro¬ 
chloride), is a synthetic product isomeric with synephrine which is sold 
as the hydrochloride. It is more active than synephrine tartrate and 
is used for the same purposes. It is usually employed in 0.25 to 1 per 
cent solution or in 1 to 10 per cent emulsion. The solutions are stable 


and can be sterilized by boiling. ...... ., 

Mescaline is a naturally occurring base; it may be isolated from the 
mescal button, Anhalonium lewinii. This alkaloid, though toxic and 
habit-forming, is reported to produce remarkable color visions, and 
persons under its influence are said to be psychologically elevated. 

n-Norepinephrine (Arterenol, l-(3,4-dihydroxyphcnyl)-2-amino- 
ethanol) has been found to be present in amounts varying from 10 to 18 
per cent in epinephrine. 11 It may compose up to 90 per cent of the 
hormone elaborated by pathological chromaffin tissue.' Its recent 
discovery in natural epinephrine may serve to explain many P“y S10 " 
logical results observed with what was presumed to be pure epinephrine. 
Bacq 4 suggests that by bio-N-methylation it is converted into epineph¬ 
rine. It is postulated as being sympathin E, an adrenergic agent. 6 

Racemic norepinephrine has now been resolved, 6 and, as expected, 
the (—)-isomer is the most active of the known pressor compounds, 7 
showing in dogs 164 per cent of the activity of the corresponding epi¬ 


nephrine isomer. 

Epinephrine, U.S.P., N.N.R. (Suprarenin, Adrenalin, l-(3,4-Dihy- 
droxyphenyl)-2-methylamino- 1-ethanol), is obtained from the adrenal 


1 Goldenberg et al, Science, 109, 534 (1949). 

2 Auerbach and Angell, Science , 109, 537 (1949). 
a Tullar, Science, 109, 536 (1949). 

4 Bacq, Science, 108, 136 (1948). 
b v. Euler, Science, 107, 422 (1948). 

* Tullar, J. Am. Chem. Soc. t 70, 2067 (1948). 

2 Tain ter, Tullar, and Luduena, Science, 107, 39 (1948). 
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glands, and it is made synthetically. It is important historically as the 
first hormone to be isolated and the first of which the structure was 
proved by synthesis. By the use of C M it has been shown that natural 
epinephrine is synthesized from phenylalanine. 1 Numerous methods 
have been developed for the synthesis of epinephrine. 

The levo and the racemic compounds are the only ones used in medi¬ 
cine. Dilute aqueous solutions deteriorate with the formation of red 
to brown color and loss of activity. Such solutions are partially stabi¬ 
lized by chlorobutanol and by reducing agents, e.g., sodium bisulfite. 

Epinephrine is used to cause a rise in blood pressure from stimulation 
of the vasoconstrictor mechanism of the systemic vessels and of the 
accelerator mechanism of the heart. It is used locally to arrest hemor¬ 
rhage and to enhance the activity of local anesthetics. It is used 
hypodermically to relax the bronchial muscle in asthma and in anaphy¬ 
lactic reactions, and intravenously to tide the patient over acute circu¬ 


latory collapse. . . . . . . . . . 

The action of epinephrine upon intravenous injection is ol snort 

duration since it is rapidly destroyed in the body. It is practically in¬ 
active when administered orally. Epinephrine is employed in solutions 
of from 1 : 15,000 to 1 : 1000 in water or oil of the hydrochloride or free 
base, respectively. It is also used in the form of ointments and sup¬ 
positories in 1 : 1000 parts. 

Replacement of 90 per cent of the hydrogen atoms of DL-epinephrme 
by heavy hydrogen, deuterium, produces no distinguishable modifica¬ 
tion in the pressor activity. . ........ . 

Methadren (Methyladrenalin, N-methylepinephnne) like its racemate 

requires 0.125 to 0.150 mg. per kg. (in nembutalized rabbits) to produce 
a rise in blood pressure equivalent to that obtained with epinephrine 
at a dose level of 0.005 mg. per kg. Intravenously to dogs it was 1/40 
as active as epinephrine. In inhibiting gastrointestinal activity it was 
from 1/50 to 1/80 as effective as epinephrine. Its glycogenolytic 
activity is only slightly less than that of epinephrine. The lethal dose 
was 5-6 mg. per kg. intravenously to rats, and 2.5-3.7 mg. per kg. 


intravenously to rabbits. - . .. 

Ephedrine, U.S.P., N.N.R. (l-Phenyl- 2 -methylammo-l-propanol), 
c H —CHOH—CH(NHCHa)—CH 3 , is an alkaloid obtained from 
various species of Ephedra. Ephedrine simulates epinephrine m action. 
Its pressor effects and its local constrictor effects are more lasting than 
epinephrine. It is active when given orally or systemically. It is 
used to cause a rise in blood pressure, to dilate the bronchi and pupils, 


Gunn and Delluva, Federation Proc., 6, 257 (1947) 
Stutzman and Orth, J. Pharmacol., 69, 1 (1940) 
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and to contract the capillaries on mucous membranes in rhinitis, sinus- 
oothma, hay fever, and urticaria. Salts of ephedrine 
when given orally, intramuscularly, intravenously, or by ot " “ e y 
The base or its salts may be used in o.l or aqueoussolut.onas a sp y 
in 1 to 2 per cent solution. The base, hydrochloride, and sulfa , 
tablets of the sulfate, a syrup and liquor of the sulfate, and a P 

„ t h.t f °“” d Pl “ t H 05 ^S‘ 6 l ^SH “ entJion ot „«g.r 

hen aldehyde; second, the keto-alcohol is allowed to react with methyl 
amine, and the product is reduced catalytically by means of activated 
aluminum or platinum catalyst . 1 

CgHt—CHOH—CO—CH 3 C*H s -CHOH-C-CH 3 —► 

NCH, 

CftH s—CHOH—CH—CHa 
NHCH 3 

Propadrine, N.N.R. (Norephedrine, l-Phenyl-2-amino-l-propanol) 

r u CHOH—CHNHi—CHi, is found to occur to a small extent 

with ephedrine. The racemic form is synthesized from the monoxime 
7 benzoylacetyl, C.H.-CO-CMe=NOH. This intermediate s 
prepared from phenylethyl ketone by means of esters of nitrous a 
in the presence of hydrogen chloride: 

CeHs—CO—CHj—CHi C«H S CO C CHj 

NOH 

The monoxime may be hydrogenated by catalytic methods to the analo- 
gous aminoalcohol. 

This nitrosation reaction is applicable to higher homologs of propiophenone or to 

Ar _CO—CH,X, in which the nitrosated product has the structure Ar— 
CX=NOH, a-ketohydroxamic acid halide. 

It is a pressor drug which acts similarly to ephedrine. Applied 

c 4'|: SSSS 

(1934). Neuberg, Hirsch, and Hemz, Biochem. Z., 115, zaz 
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locally to shrink swollen mucous membranes, its action is more pro¬ 
longed than that of ephedrine. It is less toxic than ephedrine, with less 
stimulation of the anxiety complex. It is used as a 1 per cent solution, 
as a 0.66 per cent jelly locally, in solution as a spray and in drops. It is 
active when given orally. 

Amphetamine, N.N.R. (Benzedrine, l-Phenyl-2-aminopropane, Ra¬ 
cemic Desoxynorephedrine), is prepared as follows: Phenylacetone, 
which may be obtained in 60 to 65 per cent yields when phenylacetic 
acid and acetic acid are passed over thoria, may be converted into the 
oxime, which may be reduced to the primary amine; or the ketone may 
be treated directly with formamide to form the amine. 

The product is a racemic mixture. The free base and its carbonate 
are volatile and are used by inhalation to shrink the nasal mucosa and 
relieve congestion in such conditions as the common cold, hay fever, 
asthma, and to decrease secretions in rhinitis. The sulfate is used 
orally as the powder, elixir, or tablets to stimulate the central nervous 
system in narcolepsy, in treating certain psychogenic depressive condi¬ 
tions, alcoholism, etc. 1 

The stimulating effect of (-f )-benzedrine is two to four times that of 
the (—)-isomer and one and a half to two times that of the racemic 
mixture. 2 

Pervitin (Desoxyephedrine) has a peripheral and a psychological 
action resembling benzedrine. 2 It has been employed with success in 
treating alcoholic intoxication. 4 Unfavorable side effects following its 
use are constipation, increased sweating, insomnia, and palpitation of 
the heart. 6 

Vonedrine, N.N.R. (Racemic l-Methylamino-2-methyl-2-phenyl- 
ethane), C«H 5 — CH(CH 3 )—CH*—NHCH 3 , an isoster of ephedrine, is a 
volatile base used like amphetamine by inhalation to constrict the 
nasal mucosa. It is claimed that vonedrine causes little or no stimula¬ 
tion of the central nervous system. 

l-Cyclohexyl-2-methylaminopropane (Hexahydrodesoxyephedrine), 
possesses pressor activity about two-thirds that of desoxyephedrine. 6 

1 Nathanson, J. Am. Med. Assoc., 108, 528 (1937). 

* Prinzmetal and Alles, Proc. Soc. Exptl. Biol. Med., 42, 206 (1939); C.A., 34, 519 
(1940). 

* Graf, Arbeilsphysiol., 10, 692 (1939); C.A., 34, 2943 (1940). Hauschild, Arch, 
exptl. Path. Pharmakol., 191, 465 (1939); C.A., 34, 3810 (1940). Golla, Blackburn, 
and Graham, J. Mental Science, 86, 48 (1940); C.A., 34, 3815 (1940). 

^ Pullen, Munch, med. Wochschr., 86, 1001 (1939); C.A., 34, 170 (1940). 

* Neumann, Munch, med. Wochschr., 86, 1266 (1939); C.A., 34, 2069 (1940). 

« Lands, Nash, Granger, and Dertinger, J. Pharmacol. Exptl. Therap., 89, 382 
(1947). 
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^-Hydroxybenzedrine has a 

SSSi »d potentiate the P»« ■>»» 

s^ir3!r££3£ 

C °Additional related compounds of interest include: 

OH NHj 0 NHCH * 

H—C C—CH» 





Cobefrine (norhomo-Epinephrine) is a compound which Pousses 
substantially the same type of action on the circulation as is 
by epinephrine itself. It may be prepared from 3,4-dihydroxjT.ro 
pfophenone after the manner indicated for norephedrine. It is used 
as the hydrochloride which is soluble in water about 1 : 15. 

KepSne is used as the hydrochloride. It differs from epinephrine 
in that the alcoholic hydroxyl group has been replaced by a ketone group. 
It is used to arrest bleeding by constriction of the capillary vessels. 
Effects persist for from 2 to 3 hr. It is used in the form of a dusting 
powder, suppositories, and in bandages impregnated with the salt. 

Varon, the dimethylether of epinephrine, provokes strong rhythmic 
contractions of the rabbit uterus in situ without affecting the blood 

^AJudrine [Aleudrin, l-(3,4-Dihydroxyphenyl)-l-hydroxy-2-isopropyl- 

aminoethane], the analog of epinephrine with the N-methyl replaced 
by an isopropyl group, possesses a stronger sympathomimetic effect than 

> Domonjos and Fleisch, Arch, expll Path. Pharmakol., 192, 645 (1939); C.A., 34, 

29 -feektiU, Arch, exptl. Path. Pharmakol., 192, 414 (1939); C.A., 34, 4145 (1940). 
3 Schmidt, Klin. Monatsbl. Augenheilk., 100, 429 (J 94 !)- nodA\ 

« Schaumann, Dent. med. Wochschr 69, 813 (1943); C.A., 38, 5961 (19 ). 
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epinephrine on the bronchi and reduces the blood pressure by peripheral 
dilatation j 1 it is suggested for the relief of bronchospasms. 2 

Butanefrine [l-(3,4-Dihydroxyphenyl)-l-hydroxy-2-aminobutane] is 
two-thirds as effective as an equal dose of epinephrine in relieving 
asthmatic attacks, does not raise systolic pressure, lowers diastolic 
pressure, increases pulse rate, does not excite the central nervous system, 
and is 1/100 as toxic as epinephrine;* it is advocated for use in asthma 
where a pressor would be contraindicated. 


OCHa 



CHOHCH 2 NHCH 3 

Varoo 


OH 

| 

OH 

rV° H 

A-° h 

V 

Y 

CHOHCH 2 NHCH(CH 3 ) 2 

CHOHCH 


Aludriue 


^/CH 2 CH 3 
^NHj 

Butanefrine 


/CoHs 

Racemic Diphenylethanolamine, C 6 H 6 CHOH—CH' , higher- 

X NH 2 

melting isomer, m.p. 163°, has been found effective in relieving the pain 
due to pressure on the nerves in cases with inoperable tumors, but it has 
no general analgesic action making it valuable as a substitute for 
morphine . 4 Some of the nuclear-substituted derivatives also show 
analgesic properties; the most active is l-(3-methoxy-4-hydroxy- 
phenyl)-l-hydroxy- 2 -phenyl- 2 -aminoethane . 5 

Compounds of general structure Ar—CHOH—CH 2 —NR 2 , in which Ar 
is phenanthryl and R varies from methyl to octyl, are effective in inhibit¬ 
ing the cholinesterase of human blood plasma . 6 



Naphaioline hydrochloride 

Naphazoline Hydrochloride, N.N.R. [Privine Hydrochloride, 2(1- 


1 Fromherz, Experimentia, 2, 146 (1946); C.A., 40, 5154 (1946). 

1 Scheuing and Thoma, U. S. pat. 2,308,232; C.A., 37, 3454 (1943). 
8 Sut€r and Ruddy, J. Am. Chem. Soc., 66, 747 (1944). 

4 Dodd3, Lawson, and Williams, Nature, 154, 514 (1944). 

4 McPhee and Erickson, J. Am. Chem. Soc., 68, 624 (1946). 

6 Wright, J. Pharmacol. Ezptl. Therap ., 87, 109 (1946). 
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Naphthyl methyl) imidazoline Hydrochloride], m.p. • usec j 

S £ cenTleTand a a05 to 1 per cent 

solution. 

Structure and Physiological Activity 

In this series of amines and. — ho,, ^t he *££?%« 

effLTche 0 lical'sUuc 0 tu n re3 on physiological activity. Several definite 

(production of a rise in blood pres¬ 
sure) is found in those compounds in which the aromatic nucleus a 

the amino group are attached to neighbormg or adjacent carbon atoms, 
me ammo g P example, of the three numeric phenyl- 

f -CH1CH3, C.H 6 CH^CH(NH,)CH 3 , 

ancTC»hUC!H jCH «CH»N H «, the second, which has the indicated skeleton, 

18 ^Thellcohohc hydroxyl group either increases the activity or de¬ 
creases the toxicity or does both. For example, benzedr ^ 
pressor activity of propadrine and its acute toxicity is three times as 
great; epinephrine is twelve times as active as is epinme. 

3. Propadrine is typically musculotropic, and norhomo-epinephrine 
is typically sympathicotropic. Structural intermediates are shown in 

the following: 



OH 




CHOH-CH-CH, 
NH, 

8,4-Dlhydroxypropadrlno 


p-Hydroxypropadrine is predominantly musculotropic in its method of 
action; m-hydroxypropadrine is much more sympathicotropic; com- 
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plete sympathicotropic activity appears when two phenolic hydroxy- 
groups are present. 

The effect of substituents other than hydroxyl in the aromatic nucleus 
has been abundantly investigated, but, of them all, only the p-amino 
group seems to hold interest. 

4. The primary amines are more active and less toxic, generally, 
than the corresponding methylated, secondary amines. For example, 
norepinephrine is about 10/7 as active as epinephrine with the same 
configuration; norephedrine is less toxic and somewhat more active 
as a pressor than is ephedrine. The presence of the N-methyl group 
seems to confer on epinephrine increased bronchodilator properties. 1 
Further alkylation, such as conversion into tertiary amines, or increasing 
the size of the alkyl in the secondary amines, increases the toxicity and 
decreases the pressor activity. Yet such compounds may possess other 
virtues, e.g., Aludrine, which is reported to possess bronchodilator and 
vasodepressor properties. 2 

5. Compounds with three carbon atoms in the side chain, such as 
ephedrine, and norhomo-epinephrine, are much more active on the 
circulation after oral administration than are the homologs with only 
two carbon atoms in the side chain. Increasing the length of the chain 
beyond three carbon atoms affects adversely the pressor activity. 3 
However, other desirable physiological properties appear in such long- 
chain analogs; e.g., stimulants without pressor activity, 4 or an epineph¬ 
rinelike bronchodilator effect without increase in blood pressure, as is 
reported with butanefrine. 6 

6 . If the aromatic nucleus and the side chain of these pressor com¬ 
pounds are separated, as in ethers of the type Ar—0—CH 2 CH 2 NR 2 , 
they become sympatholytic and in dogs reverse the characteristic 
action of epinephrine. 6 

It is now possible to correlate to a considerable extent the biochemical 
reactions of these compounds with their chemical structure and thus, 
perhaps, to explain the physiological responses they produce. 7 The 
inactivation or detoxication may be effected in one or several of the 
following ways: 

1 Pedden, Tainter, and Cameron, J. Pharmacol., 55, 242 (1935). 

* Lands, Rickards, Nash, and Hooper, J. Pharmacol. Exptl. Therap.,89, 297 (1947). 

* Hartung, Ind. Eng. Chem., 37, 126 (1945). 

4 Rosenmund and Karg, Ber., 75, 1850 (1942). 

4 Suter and Ruddy, J. Am. Chem. Soc., 66, 747 (1944). 

* Levy and Olszycka, Compt. rend. soc. biol., 119, 899 (1935); C.A., 29, 6649 (1935). 

7 For more comprehensive discussions of this subject two recent reviews may be 

consulted, viz., Beyer, Physiological Reviews, 26, 169-197 (1946) and Hartung, 
Annual Review of Biochemistry , 15, 593-616 (1946). 
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These mechanisms explain the degradation of many phenolic 
derivatives and of some nonphenolic secondary carbinamines. 

3. Ascorbic-dehydroascorbic Acid System. The reaction may be 
summarized: 


+ Ar—CH 2 —CH—CH* 

I 

NHa 

HOCH 

I 

CH 2 OH 

Dchydroaacorbic acid 


+ Ar—CH 2 —C—CH 3 

II 

NH 

HOCH 

I 

CH 2 OH 

Ascorbic acid 

This explains the major part of the degradation of secondary 
carbinamines, i.e., ephedrine, propadrine, benzedrine, etc., ob¬ 
served in vivo. 

4 . Epinephrine and cobefrine, suitable substrates in vitro for appro¬ 
priate enzyme systems, are probably detoxified by esterification of a 
phenolic hydroxyl group with sulfuric acid. This appears to be 
true for such of these compounds as are administered. It is not 
unlikely that the epinephrine naturally elaborated by the supra¬ 
renal medulla is converted into adrenachrome (see Indole). 

PHENYLHYDRAZINE DERIVATIVES 

The success of antipyrine and the erroneous assumption that phenyl- 
hydrazine derivatives, in general, might be active led to the production 
of a number of compounds. The strong toxic action, particularly 
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methemoglobin formation, of phenylhydrazine is reduced by acety- 
lation: 


0 


O 


^6 —CH 3 

CjH 6 —NH—NHj C«Hs—NH—NH C CH S C,H ‘ —NH " N \ c __eg J 


Phenylhydrazine 


Monoacetyl- 

phenylbydrazme, 

hydracetin 

Toxic 


o 

Diacetylphenylhydrazino 

Less toxic 


Very toxic 

The phenylhydrazone of levulinic acid was placed on the market under 
the name, Antithermin. A transitory success attended the compounds 
introduced as Cryogenin and Maretin, in which acid amide groups are a 
part of the molecule. 




Cryogenic 

(m-benzamido sermcarbazide) 


Maretin 

(m-toly Iso mic arb azide) 


MEDICINAL DYES 

The observation by Ehrlich that certain dyes used as stains in his¬ 
tological work specifically stain fixed tissue gave rise to the conception 
that compounds might be produced which would combine with and 
destroy the parasitic causes of disease without injury to the cells of the 
body. In the period from about 1900 to 1912, Ehrlich and his co¬ 
workers studied numerous dyestuffs and their work stimulated investi¬ 
gations by others. 

A considerable number of dyes are used as antiseptics, chemothera¬ 
peutic agents, and for specific effects upon tissue cells in modern therapy. 
The dyes now used medicinally are mostly synthetic products intro¬ 
duced in comparatively recent years. Considerable confusion con¬ 
cerning the composition of dyes exists because various manufacturers 
of commercial dyestuffs make similar dyes that are qualitatively and 
quantitatively different in composition. Diluents such as dextrose or 
salts are often added, the commercial dye being judged by its tinctorial 
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toluidine and dimethyl aniline with a mild oxidizing a^nt such as 
cupric sulfate in the presence of sodium chloride or nitrobenzene. 


(CH a ),N-<(3V CHj + 2 X—>~ N(CH3) ‘ 

^ —N (CHalt 

(CH,) 2 N-/ c—OH 

\J N(CH 3 ) 2 + HC1 


O, 





v 

Hex»methyl-*>-ro«*niUne chloride 



=N(CH3) 2 


n(CH3) 2 J 


cr 


Some pentamethylated compound is formed so that the end product 
is a mixture. The commercial dye is often mixed with diluents such as 
dextrin and should not be used medicinally. Gentian violet is a dark 
green powder, soluble 1 : 40 in water and 1 : 10 in alcohol. 

Gentian violet was proposed as a wound antiseptic by Stellmg in 
1890 Churchman (1914) found that solutions of the dye had a selec¬ 
tive action for Gram-positive bacteria, especially B. pyocyaneus and 
B. diphlheriae, and had a weak action on the Gram-negative species^ 
It has low toxicity for tissues and penetrates readily. It has been use 
mainly against staphylococcus infections in pleural empyema and in 
arthritis in concentrations of 1 : 10,000 to 1 : 500. It is used as an 
antiseptic for infected wounds, mucous membranes, and serous surtaces. 




cr 


Malachitc green 


Malachite Green (the chloride of Tetramethyl-di-p-amino-triphenyl- 
carbinol) is used as a dye in the form of a ZnCl 2 double salt. It is a 
violet green, crystalline powder, soluble in water and alcohol. The 
zinc-free compound is used medicinally as a wound antiseptic in about 
1 : 1000 solutions, to treat ulcers and impetigo, in 1 to 2 per cent oint¬ 
ments, and by subcutaneous injection of 1 : 2000 in 0.9 per cent NaCl 
solution to treat trypanosomiasis. 
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Azo Dyes and Compounds 

The azo dyes constitute one of the largest and most important classes 
of commercial dyestuffs. This class of dyes was first prepared by P. 
Griess in 1860. They all contain the azo group, —N=N—, which is 
the chromophore group. Dyes of this class are usually made from two 
components, one of which is always a primary aromatic amine and the 
other is a phenol, or a primary, secondary, or tertiary amine. The 
primary amine is diazotized and subsequently coupled with the other 
component. Coupling of a phenol with a diazonium compound is 
generally carried out in alkaline solution whereas amines are coupled in 
faintly acid or neutral solution. 

The azo dyes used medicinally are: Scarlet Red, Scarlet Red Sul¬ 
fonate, andDimazon. 

Scarlet Red, N.F. (Scarlet Red Medicinal, Biebnch Scarlet Red), 
was introduced into therapy in 1908 after Fischer found that it stimu- 
lated the growth of epithelial cells. It is prepared by coupling pure 
aminoazotoluene with 0-naphthol in the presence of an alkali and puri¬ 
fication of the reaction product. It is a brownish-red powder, almost 
insoluble in water, slightly soluble in alcohol, benzene, and acetone, and 
readily soluble in chloroform, phenols, fixed oils, and mineral oil. 

Scarlet red is used to stimulate the proliferation of epithelial cells 
in burns, wounds, chronic ulcers, and in skin grafting. It has been 
given internally for duodenal ulcers. It is generally used externally 
in 4 to 8 per cent ointments. 



OH 


0-Naphthol 


Soarlet red 
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Scarlet Red Sulfonate and a number of other sulfonated derivatives 
of scarlet red were prepared by Nietzki in 1880. It is a diazo compound 
made by coupling 4-aminoazobenzene-3,4'-disulfomc acid with 0-napb- 
thol. Scarlet red sulfonate is a brownish-red powder. It is soluble m 
water, slightly soluble in alcohol, acetone, and ether, and very slightly 
soluble in chloroform, benzene, fixed oils, and mineral oils. Scarlet 
red sulfonate is used for the same purposes as scarlet red in 4 to 10 per 
cent ointments and in the form of a 5 per cent emulsion. 



OH SO a Na 



Amaranth 


Amaranth, U.S.P., F.D.C. Red No. 2, Trisodium salt of l-(4-sulfo-l- 

naphthyl-azo)-2-naphthol-3,6-disulfonic acid, is a red-brown powder, 

soluble in water about 1 : 15 and slightly soluble in ethanol. Amaranth 
is used to color pharmaceutical preparations and food products. 

Dimazon (Pellidol) is the trade name of diacetylaminoazotoluene. 
It is prepared by the acetylation of aminoazotoluene with acetic anhy¬ 
dride (D.R.P. 253,884). 



Dimazon is an orange-colored, crystalline powder, m.p. 75°, It is 
insoluble in water, readily soluble in alcohol, ether, chloroform, benzene, 
fixed oils, and mineral oil. It is used for the same purposes as scarlet 
red as a 2 per cent solution in olive oil, or in petrolatum ointment, and 
5 per cent mixed with talc as a powder. Stains on cloth caused by the 
dye can be removed by washing with soap and water. 
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AMINO ALDEHYDES AND KETONES 

It was assumed that the oxidation of choline with concentrated nitric 

+ 

acid formed an aldehyde, (CH 3 ) 3 NCH 2 CHO, which was mistakenly 
identified with the toxic principle of the toadstool, Agaricus muscarius ; 
hence it was called muscarine. Acetals of this aldehyde have now been 
prepared and found to exhibit muscarinelike action. The most active 
of a large series of such acetals was that prepared with propylene glycol, 

+ /OCHCHa] 

(CH 3 )jNCH 2 CH\ | I ; the iodide administered to a dog at 

X)CH 2 j 

dosage levels of 0.002 mg. usually proved fatal, and 0.001 mg. pro¬ 
duced considerable lowering of blood pressure. 1 

The unstable, natural poison from mushrooms was later isolated and 
found to give for the salt the formula CsHuOjNCl; [a)?? = +1.57°. 
Its properties are best explained by an aldehydic quaternary ammonium 
structure : l 

CH 3 CH 2 -CH — CH-CHO 

I I 

OH +N(CH 3 ) 3 

Among the compounds prepared by the Germans is one amino ketone 
which holds considerable promise, namely, amidone. It possesses 
marked analgesic action, being at least equal to morphine, several 
times more potent than demerol* and is the most active of a group of 
analogs. 4 

Methadon (Dolophine, Amidone, 6-Dimethylamino-4,4-diphenyl- 
3-heptanone) has been employed with some success in treating the 
withdrawal symptoms in morphine addicts; and it showed no with¬ 
drawal symptoms or cumulative effects when administered over pro¬ 
longed periods to monkeys. 5 -* 

Its synthesis from either l-dimethylamino-2-chloropropane or 
2 -dimethylamino-l-chloropropane is worth noting, since either com¬ 
pound forms an ethyleneammonium ion, which is the true intermediate, 
and two isomeric products are formed on condensation with diphenyl- 
acetonitrile. 7 

1 Foumeau, Bovet, Montezin, Fourneau, and Chatanlou, Ann. pharm. Franc., 3, 

114 (1945); C.A., 41, 92 (1947). 

* Kogl, Duisberg, and Erxleben, Ann., 489, 156 (1931). 

a Scott and Chen, J. Pharmacol. Exptl. Therap., 87, 63 (1946). 

4 Scott, Robbins, and Chen, Science, 104, 587 (1946). 

1 Isbell, el al., Federation Proc., 6, 340 (1947). 

* Kirchhof and David, Federation Proc., 6, 387 (1947). 

* Schultz, Robb, and Sprague, J. Am. Chem. Soc., 69, 188 (1947). 
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CH3-CHC1-CH 2 N(CH 3 )' 


CH 3 -CH—N(CH 3 ) 2 

I 

CH 2 C1 


(C«H»)aCnCN 

(NaNUa) 


CH,—CH CH, 

\ / 

N Cl 

/ \ 

CH, CHj 

CN CN 

/ X 


(C,H,),C + < CsHs)2< ? 

CHsCH—N (CH,), 

I 

CH, 


C,H, CN 

\ / 

C 

/ \ 

C.H, CH, 


C,H.M*X HOH 


-CH—N (CH,), 

I 

CH, 


CH 

/ \ 

CH, CH,N (CH,), 

C.H, COCH 2 CH, 

\ / 

C 

C,H 6 CH 2 —CH—N (CH,)s 

CH, 

Methadon 

Methadon Hydrochloride is a white, crystalline powder soluble in 
water about 1 : 20. The racemate has been resolved; it and its isomers 
have about the same toxicity in laboratory animals, but analgesic 
and morphinelike activity are exhibited chiefly by the 1 (. )-> s ° • 

Methadon is 3 to 10 times more toxic than morphine and 2 to 3 times 
more than demerol, the toxicity varying with different species of animals 
but its analgesic effect is about 2 to 10 times greater than morphine and 
demerol, respectively, so that it has a reasonably wide margin of safety. 

The levorotatory isomer of methadone, Md’ 5 - -128, possesses fifty 
times the analgesic action of the dextroisomer in man; it produces 
greater narcosis, is 25 times as depressant to the respiration, and G5 times 

more stimulating to the duodenum. 1 

Methadon is administered orally in the form of the syrup or tablets or 
by intramuscular or intravenous injection of an aqueous solution to 
control pain and suppress coughing. The drug may cause addiction in 
man, and it is classified as a narcotic. 

l-Dimethy}amino-3,3-diphenyl-2-methyl-4-hexanone (AN-148), a 

homolog of methadon, is reported to be highly active against pain. 1 

Aromatic amino ketones, with the amino group in the ortho or the 
meta positions of the aromatic nucleus, are potent local anesthetics. 

1 Scott, Robbins, and Chen, J. Pharmacol. Exptl. Therap., 93, 282 (1948). 

* Proc. Staff Meetings Mayo Clinic, 22, 249 (1947). 
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m-Aminovalerophenone is as active as procaine and half as toxic. 1 

^-Aminopropiophenone (PAPP) administered to dogs produced 
methemoglobinemia which protected the animals against the lethal 
action of hydrogen cyanide and cyanogen chloride. The efficacy of the 
protection is proportional to the degree of methemoglobinemia at the 
time of exposure to the poisons. 2 


AMINO SUGARS 


Amino sugars are widely distributed in nature, appearing particularly 
as constituents of the mucoproteins and of chitin, the homy carapaces 
of beetles, insects, etc. All of them are hexoses and invariably are 
optical isomers of the structure CH 2 OH(CHOH)j—CHNH j—CHO. 
They exhibit many properties of the ordinary sugars. 

Chitosamine (D-Glucosamine) is a hydrolytic product of chitin. 
It is also found as a component of the carbohydrate portion of blood 
group A specificity. 3 

Chondrosamine (Galactosamine) is a constituent of cartilage. 4 

L-N-methyglucosamine is a component of streptomycin. 6 It is a 
moiety of streptobiosamine, the disaccharide fission product of strepto¬ 
mycin. See page 416. 

AMINO ACIDS 


Compounds containing both an amino and a carboxylic acid function 
are among the most important from a vital point of view; this is true 
especially of the o-amino acids. They are the building blocks from 
which proteins are formed. As far as their chemical properties are 
concerned, these amino acids exhibit the properties characteristic of 
both the carboxyl and the amino group; these need not be reviewed 
here. The amino acids except /3-alanine which have been isolated from 
natural sources are listed in Table 42. 

Because of the complex nature of proteins and the inability to sepa¬ 
rate the individual components it was quite impossible to learn much 
about the dispensability and indispensability of the individual ammo 
acids. Beginning in 1930, however, Rose and his co-workers 6 resorted to 
feeding experiments in which the proteins were completely replaced by 
the individual acids, employed in known amounts. In this manner it 


1 Hartung and Munch, J. Am. Chem.Soc., 51, 2570 < 1929 >- Q , 

» Vandenbelt, Pfeiffer, Kaiser, and Sibert, J. Pharmacol., 80, 31 (1944). 

« Bray, Henry, and Stacey, BiocAem.40, 124 (1946). 

•James, Smith, Stacy, and Wiggins, Nature, 156, 308 (1945), C.A., 39, 5258 

^^Kuehl, Flynn, Holly, Mozingo, and Folkers, J. Am. Chem. Soc., 68, 536 (1946). 
• Science, 86, 298 (1937). 



AMINO ACIDS 


383 


h« been po«ibI. to obfin Indlc.to about the 
S single components. Table 41 is ‘”t 

mitted by Bose mid indicate, the “ dled 3 the 

normal life. The minimum is expressed in parts per nu 

^A 1 tryptophan-deficient diet in growing rat. giv« ™ 

TABLE 41 

Essential Amino Acids 

Minimum Amount Necessary, 
Per Cent of Total Ration 
1.0 
0.2 


0.4 

0.7 

0.9 

0.5 

0.6 

0.6 

0.7 

0.2 


Name 
Lysine . . 

Tryptophan 
Histidine . 

Phenylalanine 
Leucine 
Isoleucine . 

Threonine . 

Methionine 
Valine . . 

Arginine* ... 

* The animal organism can synthesize part of its own requirement of arg.nme, but 
not sufficient for its normal requirement. 

and discolored incisor teeth; atrophy of the testis and aspermiogenesis 

m VitamirTB^maj^be identical with a mixture of arginine and lysine; 
at least the deficiency produced by the lack of these two acids in chicks 

resembles deficiency ascribed to vitamin B,. 2 

If the deficiency symptoms resulting from the absence of these 
essential amino acids had been recognized before the acids were known, 
or if the symptoms had not been experimentally associated with.the 
compounds in question, it is possible that each of these acids would have 
been identified as a vitamin to relieve the symptoms of specific dietary 
deficiencies. Threonine was in fact recognized by its deficiency mani¬ 
festations before it was isolated from natural sources; the symptoms 
prompted the search for it. These essential amino acids differ from the 
usual conception of the term vitamin in that they also supply energy 
or serve as structural material for the tissues. It has been suggested 
that substances of this nature be called vilagens * 

1 Albanese and Buschke, Science, 95, 584 d942). 

* Hegsted, Briggs, Elvehjem, and Hart, J . Biol. Chem., 140, 191 (1940). 

* Rosenberg, Chemistry and Physiology of the Vitamins, Interscience Publishers, 
New York, 1942, p. 5. 
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TABLE 42 


Naturally Occurring a-A mino Acids 


Structure 

] 

Melting 
Name Point 

°C. 

Boiling 

Point 

of 

Ethyl 

Ester 

°C. 

[<*)d° in 
Water 

NH,—CHjCOOH 

Glycine, 230 (d) 

m 

inactive 

0 

1 

£ 

§ 



CH-CH-COOH 

(+)-Alanine, 297 (d) 

48.11 

+2.7 

1 

a-aminopropionic 



NH, 

acid 



M e iCH—CH—COOH 

(+)-Valine, 316 (d) 

63.6, 

+6.42 

1 

a-aminoi 80 valeric 



NH, 

acid 



Me,CHCH,—CH—COOH 

(—)-Leucine, 293 (d) 

83.6i, 

-10.36 

1 

a-aminoisocaproic 



NH, 

acid 



Et 

+ )-Isoleucine, 280 (d) 


+11.3 

\ 

a-amino-^-methyl- 



CH—CH—COOH 

valeric acid 



/ 1 




Me NH, 




CH*(CH,),—CH—COOH 

Nor-leucine, — 

— 

— 

1 

a-aminocaproic 



NH, 

acid 



NH,(CH,)4-CH-COOH 

(+)-Lysine, — 

— 

+14-16 

| 

a-amino-t-amino- 



NH, 

caproic acid 



HO—CH,—CH—COOH 

1 

f —1-Serine 228 (d) 

__ 

-6.83 

a-amino-0-hydroxy- 



NH, 

propionic acid 



CH,CH (OH )CH (NH,)COOH 

Threonine, — 

— 

— 


a-amino-^-hydroxy- 




butyric acid 



C«HiCHx—CH—COOH 

(—)-Phenylalanine, 283 (d) 

143 10 

-36.1 

1 

a-amino- 0 -phenyl- 



NH, 

propionic acid 



p-HO—C»H «CH, 

( — )-Tyro8ine, 316 (d) 

— 

-8.64 

1 

a-amino-/3- (p-hy- 



NH,—CH—COOH 

droxypheny 1 )-pro- 




pionic acid 



HOOC—CH,—CH—COOH 

(—)-Aspartic, 271 (d) 

126.6n 

-2.37 

1 

aminosuccinic acid 



NH, 










V 


AMINO ACIDS 

TABLE 42 (Continued) 
Naturally Occurring «-Amino Acids 


Boiling 


Structure 


Name 


NH, acid 

HOOC—CHi CHOH 


NH«—CH—COOH 


acid 

(-f)-Hydroxy glu¬ 
tamic, 

a-amino- 0 -hydroxy- 
glutaric acid 
(-)-Cystine, 

di-o-amino-^-thio- 

propionic acid 


CHi CH (NHi) COOH 

^ propionic acid 

S—CHi—CH(NHi)—COOH 
CH* S CH»CH, CH COOH 

thiolbutyric acid 

BJI-O-KH-(CH,)H3H-000H C+£—^ 

N H NH, novaleric acid 

p (-)-Tryptophan, 

a-amino-^-indole- 

C C-C—CH,—CH(NH,) propionic acid 

c 0 c CCOH 

Ny^NH 


Melting 

Point 

°C. 

Point 

of 

Ethyl 

Ester 

°C. 

[ a ] 2 d°° in 
Water 

213 (d) 

140.10 

+30.0 

136 

— 

+ 0.8 

268 (d) 

— 

-216.6 

283 (d) 

dec. 

-7.2 

207 (d) 

— 

26.6 

298 (d) 

- 

-32.1 


HC== C—CH.-CH—COOH (-)-Histidine, 156(d) 39,7 


I I I 

N NH NH, 

s/ 

CH 

H,C-CH, 

H,C CH—COOH 

\ / 

NH 


cr-amino-^-imida- 

zolepropionic acid 


(—)-Proline, 

pyrrolidine-tt-car- 

boxylic acid 


210(d) 78.10 -84-9 
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TABLE 42 (Concluded) 


Naturally Occurring a-A mi no Acids 


Structure 



HO— 




Name 


7-hydroxypyrroli- 

dine-o:-carboxylic 

acid 

Iodogorgoic acid, 
3,5-diiodotyro8ine 


HO— 



n iyroxine, /3-(3,5-di- 
iodo-4- (3',5'-<liiodo 
—CH*—CH—COOH 
I 

nh* 

4'-hydroxyphenox> 
phenyl]-<*-amino- 
propionic acid 


Melting 

Point 

°C. 

Boiling 
Point 
of (c 

Ethyl 

Eater 

°C. 

, 270 (d) 

— 

— 

— 

— 

— 

) - 



d° in 
Water 


-80.6 


Other a-amino acids isolated from natural sources, but not necessarily from 
proteins, include: Hydroxyleucine, with hydroxyl in 3- or 4-position, in small amounts 
from casein. 1 Aminoadipic acid, 1.6 per cent on the basis of the dry weight of the 
organism, from cholera vibrio. 7 Hydroxyaminoadipic acid, with the positions of the 
hydroxyl and amino groups still undetermined, 1 per cent based on the dry weight 
of the organism, from cholera vibrio .* Hydroxytryptophan by fission from Amanita 
phalloides .* Cysteic acid, HOSOr-CH,—CH(NH,)—COOH, from the normally 
exposed portion of the sheep’s fleece; it may also be obtained from human hair by 
oxidation with permanganate.* Lanthionine, S(CH* — CHNH* — COOH)*, appears 
as the meso and racemic forms in the hydrolysates from wool.* L-Djenkolic acid, 
CH*(S — CH* — CHNH* — COOH)*, has been isolated from the djenkol bean.* 
Citrulline, NH*—CO — NH — CH,CH,CH* — CHNH* — COOH, isolated from water¬ 
melon juice.* Canavanine, NH*C(:NH) —NH — O—CH*CH*—CHNH*—COOH, 

1 Dakin, J . Biol. Chem., 154, 549 (1944). 

* Blass and Macheboeuf, Helv. Chim. Acta, 29, 1315 (1946); C.A., 40, 7296 (1946). 

* Martin and Synge, Advances in Protein Chemistry, 2, 3 (1945). 
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fromsoybcanmeal, 

COOH, from the scallop and the octopus. Hydroxy lysine, f 

° f f selenium an a.og of 3-methylanthionmc. SefCH.CH^CHNHr-COOH), has 

been from vetch grown on seleniferous soil.. This is of particular merest 

since it has been shown that selenium is incorporated in the prolemsofwhe g _ 

such soil. Perhaps such compounds are the cause of the so-called sel ® mur " ' 

The following -amino acids of the d- or unnatural optical configuration 
heen isolated from natural sources: D-Glutamic acid from the capsular material o 
TacilZTnLc^ and related organisms; D-Leucine and D-Vahne from grami¬ 
cidin; D-Phenylalanine from gramicidin S. 2 

Synthesis of Amino Acids 

The methods available for the synthesis of the a-amino acids depend 
on special applications of various well-known reactions. These may be 
briefly summarized: 

(a) The Gabriel phthalimide synthesis, employing esters of a-halogen acids: 


C.H 


/ C °\ 


:NK + X-CH^ 


COOEt 


etc. 


Nx/ N R 

(6) The Hofmann synthesis, employing ammonia and a-halogen acids: 

R—CHX—COOH + H—NH 2 —► R—CH(NH 2 )—COOH 
The a-halogen acids may be prepared by means of the Hell-Volhard- 
Zelinsky reaction. 

(c) The Strecker synthesis is analogous to the cyanhydrm synthesis. An 
aldehyde or ketone is allowed to react with ammonium cyanide (or am¬ 
monium chloride and sodium or potassium cyanide): 


R-CHO + NH 4 CN —► R—CH(^ 


HOH 


CN 


R—CH(NH 2 )COOH 


(d) From the monoazide of a substituted malonic acid derivative. The 
monoester of the malonic acid is allowed to react with hydrazine to 
form the monohydrazide which is converted into the azide, then under¬ 
goes the Curtius reaction, forming the amino acid: 


R—CH 


/ 


COOK 


^COOEt 


^^rch/ 


COOK 
CO—NH—NH* 


hono 


R—CH 


/ 


COOK 


Nx>— n* 


heat / 

—> R—CH(^ 


CO—o 


HOH 


C0 2 + R—CH (NH 2 ) COOH 


NH—CO 


‘Cadden, Proc. Soc. Exptl. Biol. Med., 45, 224 (1940). 

2 Martin and Synge, Advances in Protein Chemistry, 2, 3 (1945). 
8 Horn and Jones, J. Biol. Chem., 139, 649 (1941). 
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(e) The reaction of hydrazoic acid with monoalkylacetoacetic ester. The 
ester and the hydrazoic acid in benzene are dropped into cold concen¬ 
trated sulfuric acid and the product is the N-acetyl derivative of the 
amino acid: 

CHt-CO—CHR—COOE t + HN 3 ^' R—CH—COOEt 

I 

NH—COCHj 

The acetyl group may then be removed by hydrolysis. 

(/) Redeman’s aminomalonic ester synthesis. An acylated aminomalonic 
ester is alkylated in the regular manner; this ester is then hydrolyzed 
with attendant decarboxylation. These steps are indicated: 

HONO u* 

CH 2 (COOEt) 2 —► HON=C(COOEt) 2 —► 

C«H»—CO—Cl N* 

NH 2 CH (COOEt)* —► C*HsCO-NH-CH (COOEt) 2 —> 


RX 


CftHjCO—NH 


\?(COOEt) 2 


HOH 


[ 


R 


/ 


nh 2 cooh' 

r/'COOH 


-COi 


:R—CH(NH 2 )—COOH 


(g) The alkylation of ethyl acetamidomalonate or ethyl acetamidocyano- 
acetate : l 


CH 3 CONH-CH^ 

^COOEt 


COOEt (or CN) 


ov CH 3 CONH. COOET (or CN) 

(N.OEt) R / \ COQEt 


HOH 


NH2v .cooh 

r/ XJOOH 


-COi 


RCH—COOH 


NH 2 


A special and useful adaptation of this type of reaction is found in the 
synthesis of tryptophan from gramine methosulfate and benzamido- 
malonic ester: 2 - 3 

CH a 

I 

CH 2 N-CH, 



CH 3 


/COOEt Na0Et 

SO4CH3+ CeHsCONH—CH^ 


COOEt 


* Albertson, J. Am. Chtm. Soc., J 8 - 450 <} 946) - 

* Albertson, Archer, and Suter /. Am. Chcm Soc., 67, 36 C945). 

•Howe, Zambito, Snyder, and Tishler, J. Am. Chem. Soc., 67, 38 (1945). 
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COOEt 

CH 2 C—COOEt rA—|pCH 2 CH-COOH 

NHCOCeHs NH ’ 

(h) The reduction of the oximes or hydrazones of o-ketoacids: 
R_C—COOH -2+- R—CH(NHi)—COOH 

II 

NOH 

r-C-COOH —► NHj + R—CH(NH,)—COOH 



II 

N—NH, 

The intermediate oximes may be synthesized conveniently in three ways: 

(1) From the a-halogen acid esters by allowing them to react w.th salts 
of nitrous acid, thus: 

R—CHX—COOEt + NaNOj —> R—C—COOEt 


NOH 


The yields of the oxime may be about 50 to 55 per cent. 

(2) From monoalkylacetoacctic ester, by allowing the ester to react with 
an alkyl nitrite in the presence of sulfuric acid: 

CHjCO—CHR—COOEt + RONO —► R—C—COOEt 

NOH 

The oximes may be isolated in pure form in yields varying from 70 to 
85 per cent of theory. 1 

(3) From a monoalkylated malonic acid on treatment with nitrosyl 
chloride: 

COOH 

R _ CH / ^ r-C-COOH + C0 2 + HCl 

X COOH II 

NOH 

Amino acids from natural sources are obtained from the proteins. 
Hydrolysis of the proteins and conversion of the acids into the esters 
make it possible to separate them because of their differences in boiling 

points. 

1 Barry and Hartung, J. Org. Chem., 12, 460 (1947). 
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Properties 

The amino acids act both as acids and as amines. In solution, the 
monoaminomonocarboxylic acids are neutral. This property is ac¬ 
counted for by the double ionization, and internal neutralization: 

CO—O’ 

| +H+ 

CO—OH CH* 

| + HOH | 

CH*—NH* NH 3 + + "OH 


This amphoteric arrangement is called a zwitter ion. In concentrated 
alcohol the tendency to form an internal salt is somewhat restricted, and 
the acid may be titrated with standard alkali, phenolphthalein being 
used as an indicator. The high melting points of the amino acids 
(most of them decompose at the fusion point) may be due to this inner 
saltlike character. 

Most of the simple amino acids have a sweet taste. If the carboxyl 
group is masked, e.g., by esterification, the compound assumes definitely 
basic properties. If the amino group is masked, as by acylation, the 
compound becomes definitely acidic. 


The vun Slyke amino acid determination depends on the reaction of the amino 
group with nitrous acid which converts the amino acid into an a-hydroxyacid and 
liberates nitrogen quantitively. 

The Sbrensen formol titration of amino acids depends on the formation of the 
N-methylene derivative; this derivative is strongly acidic and may be titrated. 


R—CH—COOH + HCHO —► 

I 

NH, 


R—CH—COOH 

I 

N=CH, 

Acidic 


Amino acids have been isolated from typical proteins as indicated 
in Table 43. 

A number of preparations containing free amino acids, dipeptides, 
etc., derived from proteins by enzymic digestion are used in especially 
prepared foods as nutrients for convalescents. 

Glycine, N.F. (Aminoacetic acid, Glycocoll), consists of colorless 
crystals, having a sweet taste, soluble in water 1 : 2 and slightly soluble 
in alcohol. It is used as a diuretic and as a muscle stimulant; it is said 
to affect muscle retention of creatine. It is usually administered in 
solution in water or milk or as the elixir. 

Glycine Hydrochloride is a salt of glycine. It is used as a convement 
method of administering HC1. It is used in gastric hypoacidity and 
serves the same purpose as the administration of diluted hydrochloric 
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Amino Acid 


Glycine 

Alanine 

Valine 

Leucine 

Proline 

Phenylalanine 

Tyrosine 

Serine 

Histidine 

Arginine 

Lysine 

Hydroxyproline 
Aspartic acid 
Glutamic acid 
Cystine 

Hydroxyglutamic acid 
Tryptophan 


Gelatin, 

Per Cent 

Silk, 

Per Cent 

25.5 

35.13 

8.7 

23.4 

7.1 

1.76 

9.5 

3.68 

1.4 

— 

0.01 

8.2 

0.4 

— 

0.9 

— 

8.2 

— 

5.4 

5.25 

14.1 

— 

3.4 

— 

5.8 

11.7 

i i i 

1 1 1 


Casein, 
Per Cent 

0.45 
1.85 
7.95 

9.7 
7.63 
3.88 
6.5 
0.5 

2.8 
3.81 
7.62 


21.77 

0.07 

10.5 

2.2 


acid. About 0.2 g. of glycine hydrochloride is equivalent to more than 

10 drops of diluted hydrochloric acid. „„ _ COOAir 

Aluminum Dihydroxyaminoacetate (Almmate). NH 2 —CH S —OUUAi 
(OH)!, is a basic aluminum salt of glycine used as an antacid and re¬ 
ported to have a buffer value about six times that of aluminum hydrox¬ 
ide It is used in tablet form to treat hyperacidity in such conditions 


as duodenal or gastric ulcer. t A . 

Glutamic Acid Hydrochloride, like glycine hydrochloride, is used for 

the convenient administration of hydrochloric acid. It is practically 
tasteless and does not injure the teeth. It is used to treat hypoacidity 
due to pernicious anemia, gastric cancer, chronic dyspepsia, etc. 

Glutamic acid was fed to mentally retarded patients, 16 months to 
17.5 years of age, in doses of 6 to 24 g. per day; although there were 
some instances of convulsive disorders, tests showed definite improve¬ 
ment in verbal, motor, and personality responses. 1 

Thyroxin, U.S.P. (Thyroxine), is an active principle prepared syn¬ 
thetically or obtained from the thyroid gland. See Table 42 for formula 
and chemical nomenclature. The synthetic product is identical with 
the natural thyroxine although the thyroid gland may contain other 


i Zimmerman, Burgemesiter, and Putnam, Arch. Neurol. PsychuU., 56, 489 (1946); 
C.A., 41, 2805 (1947). 
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iodo compounds that are physiologically active. Thyroxine is used to 
stimulate general metabolism, increase the pulse rate and blood pressure, 
and bring about an increase in the excretion of nitrogenous products. 
The purified hormone is used for the same purposes as thyroid gland 
extracts, namely, to treat all conditions due to thyroid deficiencies, such 
as cretinism, myxedema, retarded mental development, and obesity. 
It is usually administered orally in the form of tablets. 

0-Alanine (0-Aminopropionic acid), NH 2 CH 2 CH 2 COOH, the only 
0 -amino acid known to occur in nature, is a component fragment of 
pantothenic acid (page 400). It is conveniently synthesized by hydro¬ 
genating the esters of cyanoacetic acid : 1 

X—CH 2 —COOR —► CN—CH 2 —COOR —NH 2 CH 2 CH 2 COOR 


0-Alanine reverses the inhibitor effect of propionate on Escherichia 
coli} 

L( —)-Histidine decreased the ketonuria in adult female rats receiving 
a high-fat diet; liver glycogen formation began only 8 hr. after the 
ingestion, with maximum deposition in 16 hr., indicating a latent period 
before the effect appears . 3 

Diiodotyrosine and Dibromotyrosine have been reported among the 
products isolated from spongin . 4 

Histidine Monohydrochloride, N.F. (0-4-Imidazolyl-a-aminopropionic 
acid Hydrochloride), is used in about 4 per cent solution for intra¬ 
muscular injection in the treatment of peptic ulcer and postoperative 
jejunal ulcer. 

2, 3 -Diaminopropionic Acid inhibits markedly the growth of Comy- 
bacterium diphtheriae. Presumably it competes with 0-alanine . 5 Other 
compounds competing with 0 -alanine are 0 -aminobutyric acid and 
isoserine . 6 

a-Aminovaleric Acid stimulatessurface growth of Penicillium roqueforti; 
and at pH lower than 3.8 in the presence of 20 per cent glucose it favors 
the formation of spores which do not form in the absence of the acid . 7 

a-Aminocaproic Acid inhibits the in vitro growth of Escherichia coli f 
streptococci, staphylococci, and pneumococci . 8 


» Weygand, Ber. t 74, 256 (1941). 

* Wright and Skeggs, Arch. Biochem., 10, 383 (1946). 

• Remmert and Butts, J. Biol. Chem., 144, 41 (1942); C.A., 36, 6595 

4 Ackermann and Muller, Z. physiol. Chem ., 269,146 (1941); C.A., ,36,,6552 (1942). 
»Kjerulf-Jensen and Schmidt, Acta Pharmacol. Toxicol ., 1, 346 (1945), G.A., 40, 

^Meteon, Hartelius, and Johansen, Compt. rend. trav. lab. Carlsberg, Ser. physiol ., 

24, 39 (1944); C.A., 40, 5796 (1946). nQ44 *. r A xn 

7 Vacirca and Cicca, Boll. tst. sierolerap. milanese, 23, 103 (Urn), G.A., w, 

47 ^Sore8i, ibid., 23, 98 (1944); C.A., 40, 4761 (1946). 
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iMileucine .PP«.™g ip U» cult™, ‘° b ““ ”*• 

fatty infiltration and cirrhosis of the liver. 





% 


_ Hippuran 

Hinouran N.N.R. (Sodium o-iodohippurate), is a white, crystalline 
powE s^ble in water, alcohol, and dilute alkali. It , used as a 

contrast medium in urography. 

Protein Therapy 

The daily protein requirements for adults are usually based on 
Sherman’s standard of one g. per kg. of body weight. This quantity 
is generally accepted and used to provide a reasonable margin of safety. 
Inadequate intake, faulty digestion and absorption, loss of blood 
through surgery or hemorrhage, disease, and heightened metabolism 
as in fevers, tuberculosis, hyperthyroidism, pregnancy, and lactation 
are factors that may lead to protein deficiency, which is made evident 
from a determination of the nitrogen balance. A negative nitrogen 
balance exists when excretion of nitrogen, chiefly in the urine, is greater 
than the intake. A positive nitrogen balance indicates that the protein 
is being utilized for energy and not for building body tissue and implies 
a greater intake than output of nitrogen. Ordinarily there is no reten¬ 
tion of nitrogen in the adult body, the intake as protein being equivalent 
to the nitrogen eliminated; thus a nitrogen equilibrium is estab ished. 

In the process of digestion the complex protein molecules are cleaved 
to polypeptides and ultimately to amino acids. The amino acids are 
absorbed into the circulation and serve to meet metabolic requirements. 
Since the body cannot synthesize the essential amino acids, disease or 

1 Steinberg, Science, 103, 329 (1946). 

* Woolley, el al., J. Biol. Chem., 164, 11 (1946). 
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inadequate intake may cause a deficiency of protein or of amino acids. 
There is evidence that a specific amino acid deficiency may exist and 
cause certain symptoms. However, laboratory methods suitable for the 
simple detection of such deficiencies have not been developed. Further¬ 
more, the hypothesis that deficiency disorders seldom occur singly and 
that nutritive imbalance cannot be corrected permanently by the 
administration of a single chemical substance seems to be borne out by 
the success attained by multi-vitamin and multi-amino acid therapy. 

Synthetic amino acids are available commercially but their use with 
few exceptions is impracticable at this time because of their cost. 
Protein hydrolysates, i.e., a mixture of natural amino acids prepared by 
the splitting of protein with acids or enzymes or both, are suitable for 
administration after removal of the hydrolyzing agent. The processes 
are relatively inexpensive and practical. The amino acid preparations 
formed by enzymatic hydrolysis of protein contain about 70 per cent of 
the potential amino acid nitrogen in the amino form and about 30 per 
cent as peptide nitrogen. Acid hydrolysis yields almost 100 per cent of 
the nitrogen in the form of amino acids, but tryptophan is destroyed in 
the process and must be replaced. It has been demonstrated clinically 
that protein hydrolysates containing amino acids and peptides, when 
given in sufficient amounts, can maintain nitrogen balance effectively 
and cause regeneration of serum proteins. 

A large number of protein hydrolysates have been introduced as 
drugs. The products differ greatly in source of protein, protein equiva¬ 
lency, taste, admixed substances, solubility, etc. Amigen and paren- 
amine are representative of the enzymatic and acid hydrolysates, 
respectively. 

Amigen, N.N.R., is prepared by the hydrolysis of casein with pancre¬ 
atic enzymes. It contains the essential amino acids as well as di- and 
tripeptides. It is administered orally as the powder or by the in¬ 
travenous injection of a 5 to 10 per cent solution. 

Parenamine, N.N.R., is a solution of amino acids prepared by the 
acid hydrolysis of casein. It contains all the essential amino acids 
chiefly in the free state, synthetic DL-tryptophan being added to replace 
that destroyed during hydrolysis. It is used to secure a positive nitrogen 
balance and is injected intravenously for this purpose after dilution 
with dextrose or saline solutions. 

AROMATIC AMINO ACIDS 

The isomeric aminobenzoic acids may be obtained from the corre¬ 
sponding nitrobenzoic acids by reduction of the nitro group. Like the 
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*m. — *■» “ d b “ c piopert '“' 

JZSE?. rmeXr^'lmtotnt constituent In 

th N-PheSanth^M e c acfd and derivatives exhibit high in **ro activity 
against MycobacUnnm t^^sim^M ^ 

Aminobenzo.c Ac.d (V.tarn n H) P NHjr£^ interest f r0 m the 

sSSzsr-tt— =•“ 

:“S“Ti-=?==c=~-‘= 

antisulfanilamide ” activity in nfro with p-ammobenzo.c ac.d, .seated 
from yeast and other sources a factor that had s.m.lar activity. Rubbo 
and Gillespie* isolated p-aminobenzoic acid from a yeast concentrate 
and showed that it is a growth factor for Clostndium 
Selbie 6 found that it inhibited the action of sulfanilamide ■nm.ce n- 
fected with Streptococcus haemolyticus. Individuals who are rea y 
cured of gonorrhea yield cultures with low p-ammobenzo.c acid synthe¬ 
sis, and the organism is sensitive to sulfonam.de; clinically ranstant 
individuals yield cultures with high p-aminobenzo.c ac.d synthesis. 
Ansbacher 7 found that the compound possesses the properties ot a 
vitamin, proving it to be an achromotrichia factor in the rat and a 
growth-promoting factor for the chick. Sieve 8 reported that in man 
nutritional achromotrichia is favorably influenced by its use. 

Little is known about the biochemistry of p-aminobenzoic acid. 
It appears that it acts as a hydrogen-transfer agent for E. colt and other 
facultative anerobes and that sulfanilamides interfere with the function 
It counteracts the action of hydroquinone in animals, thus probably 
giving rise to the graying of hair. The mechanism by which it inhibits 

* Albert, Pharm. J., 145, 100, (1940). 

■Goldberg, Jeffries, and Turner, Quart. J. Pharm. Pharmacol., 21, 10 (1948), 

C ^Woods 07 B 9 n ( 1 y 8 k pl l. Path., 21, 74 (1940); C.A 34, 740S 1 (1940) 

« Rubbo and Gillespie, Nature, 146, 838 (1940); C * 5 » 1 

6 Selbie Brit. J. Exptl. Path, 21, 90 (1940); C.A., 34, 7408 (1940). 

8 Landy and Gerstung, /. Immunol., 51, 269 (1945); C.A., 40, 2194 (1946). 

7 Ansbacher, Science, 93, 164 (1941). 

iBZ^SbZ-^wXhr., 69, 748 (1943); C.A., 38, 4002 (1944). 
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the action of sulfanilamide both in vivo and in vitro, is controversial, but it 
is believed to act by interfering with enzymic functions. It seems to 
have a desirable effect in certain types of asthma, probably because it 
has a sparing action on epinephrine. 1 

p-Aminobenzoic acid has been found highly effective as a detoxicant 
for lethal doses of carbarsone and certain other phenylarsonates in rats, 
without inhibiting trypanocidal activity. 

Preliminary reports indicate that p-aminobenzoic acid in the treat¬ 
ment of rheumatic fever may share with the salicylates the position as 
the most valuable remedy.* 

Other antagonists to p-aminobenzoic acid are 5-nitrothiophene-2-carboxamide, 
methyl-2-(5-acetylaminothienyl) ketone, and 6-aminonicotinic acid; these com¬ 
pounds exhibit antibiotic properties similar to sulfanilamide.* 

p-Aminobenzoic acid absorbs light rays in the ultraviolet region and may, there¬ 
fore, be incorporated in suitable bases as an effective screen against sunburn. 

2-Hydroxy-4-aminobenzoic Acid (p-Aminosalicylic Acid) in molar 
concentration of 1 X 10" 6 produced 50 to 75 per cent inhibition in the 
culture of pathogenic strains of Mycobacterium tuberculosis ; 4 it was the 
most active of 60 compounds examined. It disturbs the protein 
metabolism of the organism by interfering with the respiratory enzyme. 
Early clinical trials suggest that it may prove useful in the early stages 
of tuberculosis, before natural resistance of the patient is overcome. 6 


AMIDES 


Amides contain the characteristic group —CO—N=. They may be 
considered as ammonia or an amine in which an N— hydrogen atom is 
replaced by an acyl group or radical; or as acids in which the hydroxyl 
group of the acidic carboxyl group is replaced by the NHr— or a sub¬ 
stituted amido group. 

In amides the —NH, group is called the amido group to distinguish it from the 
term amino group which is substituted by hydrocarbon radicals. 

The nomenclature of amides is quite simple; this becomes evident 
from Table 44 in which are also given some of the physical properties 
of the lower members of the aliphatic series. 


> Rosenberg, H. R., Chemistry and Physiology of the Vitamins, Interscience Pub¬ 
lishers, New York, 1942, p. 286. 

* Proc. Soc. Exptl. Biol, and Med., 65, 178 (1947). 

•Johnson, Green, and Pauli, J. Biol. Chem., 153, 37 (1944). 

4 Lehmann, Lancet, 250, 15 (1946). 

» Lehmann, Svenska Ldkartidn., 43, 2029 (1946); C.A., 41, 1335 (1947). 
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Formula 

Name 

M.P. 

°C. 

B. P. 
°C. 

Sp. 

Gr. 

Melting Point of 

Corresponding 

Anilid, 

r—CO—NH—C«H* 

°c. 

H—CO—NHa 

CH,—CO—NHa 
CHjCHt—CO—NH a 

CIIjCHaCHa—CO—NHa 
(CHa)aCH—CO—NHa 
Cell 4—CO—NHa 

Formamide 

Acetamide 

Propionamide 

Butyramide 

Isobutyramide 

Benzamide 

-5 

81 

79 

116 

129 

130 

193 

222 

213 

216 

220 

290 

1.139 

1.159 

1.042 

1.032 

1.031 

1.34H 

114.2 

104 

92 

161 


Preparation 

The synthesis of amides is indicated by the following general reactions: 
1 . The dehydration of ammonium salts: 


r—C0—0—NH4 -^R—CO—NH 2 


2 . Reaction of ammonia, primary amines, or secondary amines with acid 

“"^Reaction of ammonia, primary amines, or secondary amines with acid 
anhydrides. 

4. The reaction of esters with ammonia: 

R—CO—OEt + NHj—*■ EtOH + R—CO—NH a 

Esters with low molecular weights, which are slightly soluble in water, will react 
outstanding with ammonia for several days. The higher esters, bong less soluble, 
require heating under pressure. 


5 . Partial hydrolysis of cyanides or nitriles: 

R—C=N + HOH —► R—CO—NH, 

This partial hydrolysis is carried out under conditions which are optimum for 
the different nitriles. 


Properties 

The introduction of an acyl group into ammonia or an amine results 
in the loss of the basic characteristics; e.g., amides do not react with 
acids to form stable salts. Since amides are the ammono-analogs of the 
acids, 


r —CO—OH and R—CO—NH 2 
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they frequently assume acidic properties; this may be noted especially 
in the sulfonamides, in phthalimide, and the barbituric acids, in which 
the amido hydrogen is acidic. Other reactions of amides follow: 

(а) Reduction with sodium and alcohol frequently forms primary amines: 

n/AU 

R—CO—NH 2 —► R—CH*—NH 2 

Na 

( б ) Hydrolysis forms the corresponding acid and ammonia: 

HOH 

R—CO—NH 2 —> R—COOH + NH 3 

The hydrolytic reaction is catalyzed by the presence of acid or alkali. 

(c) Dehydration forms the corresponding nitrile and water: 

-HOH 

R—CO—NH 2 —► R—CN 

Phosphorus pentoxide, phosphorus pentachloride, thionyl chloride, and at times 
acetic anhydride may be employed as the dehydrating agents. 

(d) The amido group may be replaced by the hydroxyl group on reaction 
with nitrous acid. 

R—CO—NH 2 + HONO —► R-CO—OH + HOH + N 2 

This reaction is analogous to the reaction of primary amines with nitrous acid and 
their conversion into alcohols (cf. page 312). 


It is readily seen that in the amide molecule various isomers and 
analogs are possible. It is possible, for example, to have substitution 
in the acyl portion or in the amido portion of the molecule. 

The acid amides act as hypnotics and sedatives. Numerous com¬ 
pounds of this type have been introduced but they have been largely 
replaced by more, effective agents. Examples of active compounds 


are: 


C 2 H 5 NH 2 

\ / 

c—c 

/I \ 

c 2 h 5 ch 2 0 


C 2 Hs NH 2 

\ / 
c-c 
/I \ 

C 2 Hs Br O 


CH=CH 2 

Novonal. 

diethylallylacetamide 


Neuronal, 

o-bromodiethylacetamide 


Examples of compounds substituted in the amido group are: acetanilide, 
N-phenylacetamide, CHjCO—NH—CtH 6 , and N-p-methoxyphenyl- 
acetamide, CHsCO—NH—CcH. OCHj. 

Capsaicine, N-(3-Methoxy-4-hydroxybenzyl)amide of 8 -methyl- 6 - 
nonenoic acid, is the chief principle responsible for the pungent activity 
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ssssasssass?- 

o 


H»—NH— C—(CH 2 )4—CH=CH—CH (CH 3 )2 


Pungency is associated with the structure : 1 HOCeH.CHsNHCO—. 

Vinotol ^r-Isopropyl-N-acetyl-p-methoxybenzamide) is a colorkss 

, taste less compound, which is insoluble in water. It is used as a 
sedative, hypnotic, and antispasmodic, usually being admimstered in 

capsules. 

O C*H 7 (t) 

h s c^-<3-^-n^ 

co-ch 3 

Salicylamide exerts slightly deeper and quicker effects than aspirin, 
and of about the same order of toxicity.* 

Diphenylglycolamide, (CeHs) 2 COH-€ONH 2 , in concentrations as 
low as 5 X 10-* decreases the tone and amplitude of contractions o 
isolated rabbit intestine. The N-benzylamide is more active, yet not so 

active as papaverine . 3 .. 

Dibasic acids may form mono- or diamido compounds; eg, oxalic 

acid forms the monamide, HO-CO-CO-NH,, oxam.c acid, and the 
diamide, NH*—CO—CO—NHi, oxamide. In a wmdw manner, 
malonic acid forms NH^-CO-CH^CO-OH and NHr-CO- 
QH^CO—NH 2 . For succinic acid and glutanc acid, the stability 
of the amides is analogous to that of the acids. Just as succinic acid 
readily forms the anhydride, so succindiamide readily forms the lmide; 
the analogy may be represented in the equations: 

CHa—CO—OH CH 2 —CO 

— H0H i Xq 


CH 2 —CO—OH 

Succinic acid 


/ 

CH 2 —CO 

Succinic anhydride 


1 Mameli, Boll. chim. farm., 68, 864 (1929). nQ 

* Ichniowski and Hueper, J. Am. Pharm. Assoc., 35, 225 n(M .v. 

8 Lespagnol, Ponthieu, and Vanlerenberghe, Compt. rend. soc. bwl., 138,528 (1944), 

C.A., 40, 131 (1946). 



AMINES AND AMINE 

DERIVATIVES 

CH2—CO—NH 2 

CH 2 —CO 

-HOH 

\ 

-► 

^/NH 

CH2—CO—OH 

CH2—CO 

Monamide of succinic acid 

Succinimide 

CH2—CO—NH 2 

CH2—CO 

— NHi 

1 / NH 

CH2—CO—NH2 

CH2-CO 

Diamide of succinic acid 

Succinimide 


The amides of glutaric acid behave similarly, forming stable six-mem- 
bered cycles. 

Pantothenic Acid (Chick Antidermatitis Factor) was one of the 
filtrate factors of the vitamin B complex. The name is derived from the 
Greek word meaning “ from everywhere.” Williams el al. l,t were able 
to isolate it and established its constitution* by synthesis through con¬ 
densation of a-hydroxy-0,0-dimethyl^y-butyro!actone with /3-alanine. 

Good sources of pantothenic acid are: dried yeast, liver, rice polish¬ 
ings, and whole grain cereals. 

Calcium Pantothenate (Vitamin B Filtrate Factor), (C»Hi«0 6 N) 2 Ca, 
is a white powder, readily soluble in water and glycerin and slightly 
soluble in alcohol. Its aqueous solutions are dextrorotatory. It is 
slightly hygroscopic, stable in air, and not readily decomposed by light. 

The synthesis of pantothenic acid from isobutyraldehyde and 0-alanine 
is indicated: 


CH 3 ch * 

\ J. HCN HOH 

CH—CHO + HCHO —► HOCHj—C—CHO —► —► 

/ r 1 

CH 3 CH * 

CHa 1 (CHahC-CHOH 


HOCH 2 —C—CHOH-COOH 


I NHaCHaCHaCOOCHaCtHt 

ch 2 CO 

\ / 

0 

a-Hydroxy-0.0-di methyl- 7 -butyrolactone 


1 J. Am. Chem. Soc., 55, 2912 (1933). 

* Ibid., 60, 2719 (1938). 

* Williams and Major, Science, 91, 246 (1940). 
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(CHs) 


CHOH 
OH 

/ 

CH 2 c 

X NH-CH 2 CH i COOCH 2 C,H e 

CHj 


HOCH 2 —C—CHOH—CO—NH CH 2 CH 2 COOH 


• CH 2 

,.^ihydro,yI”S-«tlbutryl-^^*nid. 

The racemic synthetic compound may be best resolved through the 
optically active methoquinine salt.* The dextrorotatmg corner 

identical with the natural vitamin. « 

Pantothenic acid seems to possess considerable specificity. Sma 
changes in structure, even esterification, make it inactive. The (J 
isomer is inactive. The need in man for this vitamin has not been 
demonstrated. In the chick deficiency produces dermatosis, unhatch- 

^The amides ^carbonic acid are particularly interesting, both be¬ 
cause of the chemical structure and properties and because of their 

physiological and medicinal uses. . . 

Carbamic acid, NHr-CO-OH, is unstable and is known only as 
its various derivatives, such as the salts, called carbamates, and as its 

esters, called urethanes. # , . . . • 

Urethane, U.S.P. (Ethyl Carbamate, consists of colorless crystals, 

m.p. 48°, soluble in water I : 0.5 and readily soluble in alcohol. It can 

be prepared by adding ethyl chloroformate to ammonia, 

CICOOC2H5 + 2 NH 3 —► NH 2 COOC 2 H 5 + NH4CI 

It is a mild hypnotic and a feeble diuretic usually administered in solu¬ 
tion or as the powder in capsules. Urethane with quinine hydrochloride 
is used as a sclerosing agent for the treatment of varicose veins Ethyl 
carbamate causes temporary but significant retardation of growth 
of spontaneous Walker carcinoma 256 in rats, a decrease in the leucocyte 

1 Staler, Harris, Finkelstein, Keresztcsy and Folkers, J.Am Chem. Soc., 62, 1785 
(1940) Stiller and Wiley,-/. Am. Chem. Soc., 63, 1237 (1941). .. , 

* Rosenberg, Chemistry and Physiology of the Vitamins, Interscience Publishers, 

New York, 1942, p. 268. 

3 Pollock, J. Am. Chem. Soc., 65, 133o (1943). 
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count of myelogenous leukemia in the mouse, and exerts an inhibitory 
effect on prostatic cancer . 1 

Other urethanes have been introduced as hypnotics and sedatives; 
they have been largely replaced by more efficient products. Those that 
have been used include: 

O CH 3 

Aponal, the carbamic acid ester of tertiary amyl || / 

alcohol, H 2 N—C—0—C—CH 3 

\ 

CaHs 

CH a 

Hedonal, the carbamic acid ester of methylpropyl- / 

carbinol, H 2 N-C0-0-CH 

\ 

C 3 H 7 


Aleudrin, the carbamic acid ester of dichloroiso- 
propanol, 


CH a Cl 

/ 

H 2 N-C0-0-CH 

\ 

CH 2 C1 


Voluntal, the carbamic acid ester of trichloro- 
ethanol, HaN—CO—0—CH 2 —CCI 3 


These products are more toxic and depressant than urethane. 

The N-substituted urethanes have been studied for their local anes¬ 
thetic properties 2 (see page 360). 

Isopropyl N-phenylcarbamate, C«H*NH—COOCH(CH 3 ) 2 , is a herbi¬ 
cide, most effective when applied directly to the soil. 2 

N-Phenylcarbamates of structures CeHsNCOOCHCCHaNHCaHOa 
and CeHaNCOOCHICHaNCCaH*)*]* show marked local anesthetic 
activity. 4 

Butolen (Carphenol) is a colorless solid, insoluble in water, soluble in 
hot alcohol. It is reported to be a prompt and efficient vermifuge for 
use in oxyuris (pinworm) infestations. It usually is administered in 
the form of tablets. • • 



1 Huggins, Yu, and Jones, Science, 106, 147 (1947). 

* Shriner and Cross, J. Am. Chem. Soc., 60, 2338 (1938). ttam 

3 Ennis, Science, 105, 95 (1947); Mitchell and Marth, Science, 106 ^ 15 (1947) 

4 Huang and Chang, Bril. J. Pharmacol., 1, 273 (1946); C.A., 41, 2011 (1947). 
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SHrSBHS: r^==s 

Of pantothenic acid.* c anlag0 nistic to sulfamla- 

|SH=“ias-^ *~ ~ 

,«- 

preparation of amides. 

1. By the rearrangement of ammonium isocyanate: 

NH 4 N=C=0 —> NH 2 —CO NH 2 

This will be remembered aa the classical urea synthesis.by 
shift in structure. 


2 By dehydration of ammonium carbamate. 

-HOH „„ 

NH.O—CO—NHi —NH. 


-CO—NHj 


The ammonium carbamate is prepared directly from gaseous ammonia and c^bon 
dioxide. The dehydration is carried out m closed vessels at 130 . This is the com 
mercial method for the preparation of urea. 

3 . By the reaction of phosgene (carbonyl chloride) with ammonia: 

COClj + 4NH 3 —*■ NHi—CO—NHj + 2NH.C1 

4. The reaction of dialkyl carbonates with ammonia: 

RO—CO-OR + 2NH 3 —► 2ROH + NH 2 —CO—NH„ 

Urea is a nontoxic diuretic that is rapidly excreted. It consists of 
odorless crystals, readily soluble in water 1 : 1.5 and soluble in alcohol 
1 ; 10. It is an active diuretic but is reported to have no marked im¬ 
portant solvent action on urinary calculi. As a diuretic, it is usually 
administered in solution or in cachets. Incorporated into creams and 

‘ Dickensen and Shaw, Australian J. Sri., 8, 85 (1945); C.A., 40, 3564 (1946). 

! Shive and Snell, J. Biol. Chem., 160, 287 (1945). 004 (19441- CA 

* Nielson, Hartelius, and Johansen, Natunmssenschaften, 32m, 294 (1944), G .A., 

40, 3154 (1946). 
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jellies, it is used to stimulate cell proliferation and tissue growth in 
varicose and diabetic ulcers, infected heat and x-ray burns, etc. 

If urea is acylated, e.g., R—CO—NH—CO—NH 2 , the products 
are known as ureides. Many ureides possess hypnotic and sedative 
properties; representative of such compounds are: 

Bromural, N.N.R. (a-Bromo-^,^-dimethylpropanoylurea), (CHsV 
CH—CHBr—CO—NH—CO—NH 2 , a white, crystalline powder, solu¬ 
ble in alcohol, ether, and alkalies but insoluble in cold water. It is an 
effective hypnotic and sedative. It is claimed to be noncumulative and 
nonhabit-forming. It is usually administered in the form of tablets. 

Carbromal, N.F., N.N.R. (Adalin, Bromo-a,a-diethylacetylurea), 
(C 2 H 6 ) 2 CH—CHBr—CO—NH—CO—NH 2 , an odorless crystalline 
powder, soluble in alcohol 1 : 18 and in water about 1 : 3000. It is a 
prompt-acting hypnotic and sedative used to reduce excitement and 
promote sleep in conditions where a powerful hypnotic is not required. 
It is usually administered as tablets. 

Sedormid (Allylisopropylacetyl Urea) with properties similar to those 
of carbromal. It is an effective sedative more prompt and strong in 
action than the bromides but not so strong as the barbiturates. It is 
used in mild conditions of nervousness and excitement usually being 
administered in the form of tablets. 

CH, 0 0 

\ II II 

CHCH-C-NH-C-NH 2 

/ I 

ch 3 ch 2 -ch=ch 2 

Biuret (Carbamylurea) is obtained when urea is heated to about 160°. 

NHi-TO- firaV+H jNH-CO-NH, l6 °' -» NH. + NH.-CO-NH-CO-NH. 

The biuret reaction for proteins, which depends on the formation of a violet-red 
color in a concentrated alkaline solution with a drop or two of cupric sulfate, is usually 
obtained when two -CO-NH- groups are attached to each other, to the same 
nitrogen, or to the same carbon atom. This condition exists in biuret, hence the 
name biuret reaction. 

The unsymmetrically disubstituted ureas generally have a sweet 
taste; if the substitution is symmetrical the compounds are tasteless. 
Comparison of a series of related ureas has shown the following : 1 

I Oertly and Myers, J. Am. Chem. Soc.. 41, 855 (1919). Lorang, Rec. trav. Mm., 
47, 179 (1928). Thatc, Rec. trav. Mm., 48, 116 (1929). 
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NHj—CO—NHj 
CH 3 NH—CO—NHCH 3 
(CH 3 ) 3 N—CO—NH, 

C s H l NH—CO—NHCjHs 
(C 3 H s ) 3 N-CO-NH 3 

C«H 3 NH—CO—NHj 

C 6 Hs-N(CH 3 )-CO-NH 2 

p-CHj—C«H t NH CO NHj 
p-CH 3 -C.H,-N (CH 3 ) CO NH 3 
p-ch 3 o-c 3 h,nh-co-nh 1 
p-c 3 h s o-c.h,-nh-co-nh, 


cool taste, saline 

tasteless 

sweet 

tasteless 

sweet 

tasteless or bitter 

sweet 

sweet 

extremely sweet „ 

one-fourth as sweet as “ dulcin 
“dulcin” or “sucrol/’a sugar substitute 
_200-250 times sweeter than glucose 


o-C 3 H 6 0-C,H 4 -NH-CO-NH 3 

p-C 3 H s O-C.H,-N-CO-NH 3 


tasteless 

extremely sweet, accompanied by un¬ 
pleasantness 


CH 3 

3,5-(CjH 3 0) 3 C«H 3 NH—CO NHj tasteless 
p-C 3 H 6 0—C«H,NH—CO—NHCHs tasteless 

Dulcin is widely used in Europe as a sweetening agent, and ordinarily there is little 
danger from its use. However, the toxic effects of overdosage are cumulative. Dogs 
receiving daily doses of 100 mg. per kg. for 16 to 20 days showed widespread cong«- 
tion, destruction of blood corpuscles, fatty infiltration of adrenals, and other '“'°“' 
A three-year old child who swallowed 2.4 g. dulcin in a single dose recovered after 
showing symptoms of mental depression, cyanosis, low blood pressure, and fast pulse. 

Suramin Sodium, U.S.P., N.N.R. (Naphuride Sodium, Bayer 205, 

Germanin, Hexasodium bw-(m-aminobenzoyl-m-amino-p-methyl-ben- 

zoyl-l-naphthyIamino-4,6,8-trisulfonate) carbamide), is a white, odorless, 
tasteless, crystalline compound, readily soluble in water and insoluble 
in alcohol. It is employed as a trypanosomicide in African sleeping 
sickness, being administered by intravenous or other routes of injection. 



1 Kling, Bovet, and Ruiz, Bull. acad. med., 125, 69 (1941); C.A., 38, 3360 (1944). 
* Pesman and Luten, Nederland. Tijdschr. Geneesk., 90, 261 (1946); C.A ., 40, 
4431 (1946). 
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Phenylazocarboxamide (Phenylsemicarbazide), CeH*—NH—NH— 
CO—NH 2 , possesses marked antifebrile properties and is less toxic than 
other derivatives of hydrazine. 1 

Amides of which a-hydroxyisovaleryl-N-methylvaline, (CHj)r- 
CHCHOHCO—N(CHj)—CHCOOH, is typical and which are elabo- 

I 

CH(CHa), 

rated by various species of Fusarium, exhibit antitubercular properties. 2 


PROTEINS 

The proteins are nitrogenous organic substances produced by and 
associated with living matter. The importance of protein constituents 
of protoplasm is evidenced by the fact that the name protein is derived 
from the Greek word, proleios , which mea ns " pre- crpinence ” or “of 
first importance.” When hydrolyzed by acids, they are resolved into 
a-amino Aclds^ the component units from which they .are synthesized 
in nature. The elemental constitution of the protein varies with the 
source, but the approximate composition may be expressed as: 

Elements always present: 

Carbon, 50 per cent; hydrogen, 7 per cent; nitrogen, 16 per cent; 
oxygen, 25 per cent. ^ 

Elements not always present: AT » ' 

Sulfur^D-3-per cent; phosphorus, 0.3 per cent. 

Occurrence 


The proteins are abundantly distributed throughout the animal and 
vegetable kingdoms, but they are isolated most easily as crystalline 
and probably pure compounds from vegetable sources. Unlike plants, 
animals rarely store proteins, except in the form of living matter, from 
which it is extremely difficult to obtain them as pure individuals. 

It is impossible to give any procedure for the extraction of proteins 
from all their sources. However, in plant seeds and nuts, a separa¬ 
tion is usually accomplished by extracting with water, 10 per cent 
sodium chloride, 75 per cent alcohol, mother suitable so lvents a s in- 
dicated in the classification. / 

Classification 


The classification of the proteins_^dQpted-by the American Society 
of Biochemists is basedjmjhg^ihyeical properties of these substances, 

1 Cotti, Biochim. e terap. sper., 28, 253 (1941); C.A., 40, 3180 (1946). 
a Farmer, Set. J. Roy. Coll. Sci., 17, 27 (1947); C.A., 42, 3023 (1948). 
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but it is in accord with the more recent 

pounfoT andTrived pro’tein. These are sub¬ 

divided according to the scheme: 

I. The Simple Proteins. These, when split by enzymes or acids, yield only 

:Soluble in water and coagulated by heat, e.g., grain albumin, 

B. soluble in neutml salt solution, and 

^acids and alkalies, and 70 per cent and 90 per cent alcohol, e.g., ghadrn, 

J&f Albuminoids'(sclcro-proteins): Insoluble in water, salt solution, dilute 

acids and alkalies, e.g., keratin, from hair and horn and ge at _ 

«/*. Histones: Strongly basic, soluble in water and dilute acid, ,ns0 '' 1 ^ , 
ammonia water, and not coagulated b*->eat, e.g., nstone from b.rds 

O^Pmt^^rS d tSy basic, soluble in^ter, dilute acid and^mmonia 
^ water, not coagulated by heat and on hydrolysis yield large amounts of 
diamino acids, e.g., sturine, salmine, clupeine from ripe sperm of fishes, 
n. Conjugated Proteins. These are compounds composed of proteins and 
some other nonprotein (prosthetic) group, which is generally acidic. 

A. Chromoproteins: The prosthetic group is colored, e.g., hemoglobin, 

hemocyanin, phycoerythrin, phycocyan. # # 

B. Glyco- or glu&proteins: The prosthetic group contains carbohydrate, 

e.g., mucin, mucoids. • . 

C. Phosphoproteins (proteins of cytoplasm): The prosthetic group is o 
uncertain structure, but contains phosphoric acid in some form other 
than nucleic acid or phospholipin, e.g., casein, vitellin. 

D. Nucleoproteins: The prosthetic group is nucleic acid, e.g., nuclein, 
nucleohistone from the cell nucleus. 

E. Lecithoproteins: The prosthetic group is lecithin or some other phos¬ 
pholipin, e.g., tissue fibrinogen from the cytoplasm and limiting mem¬ 
brane. 

III. Derived Proteins, tyese are the degradation products formed when the 
naturally occurring proteins are acted upon by heat, enzymes, and other 
hydrolytic agents. A few of the simpler members of this group have been 
synthesized. The derived proteins are subdivided according to their 
physical properties, such as solubility, heat coagulation, and precipitation, 
all of which vary with the degree of degradation. 
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A. Primary der^yed-proteins. 

1. Proteans: The first products of the action of water, enzymes, and 
acids on proteins are insoluble in water. 

2. Metaproteins: Result from further action of acids and alkalies. 
They are soluble in acids and alkalies, but insoluble in water. 

3. CoagulateiLproteins: Insoluble protein produced by the action of 
heat, alcohol, etc. 

B. Secondary derived proteins. 

1. Proteoses fSolUble in water, not coagulated by heat, precipitated by 
saturating their solutions with ammonium sulfate. 

2. Peptones: Soluble in water, not coagulated by heat, not precipitated 
by saturating their solutions with ammonium sulfate, and give the 
biuret reaction. 

3. Peptides: Soluble in water, not coagulated by heat, not precipitated 
by ammonium sulfate, and usually give no biuret reaction. These 
substances, which are condensation products of amino acids, are 
produced by the hydrolysis of proteins, but many of them have been 
synthesized. They may be further subdivided into di-, tri-, tetra-, 
etc., peptides, according to the number of amino acids in the molecule. 

Properties 

The properties of the proteins are dependent to a large degree upon 
the number, kind, and mode of linking of their constituent amino acids. 

A. Physical properties. 

1. Indiffusibility. Proteins are colloids and will not diffuse through parch¬ 
ment or animal membranes. 

2. Optical activity. All proteins are levorotatory. 

3. Coagulation (IrrevereibirPretfpItation). Heat and strong mineral acids 
produce a physical change in proteins rendering them permanently 
insoluble. This is termed denaturing. Absolute alcohol will precipitate 
proteins unchanged, but if the precipitated protein is left in contact with 
the alcohol it becomes denatured. 

4. Reversible precipitation. High concentrations of salts, such as sodium 
chloride, sodium sulfate, magnesium sulfate, and ammonium sulfate, will 
precipitate the proteins. Since these reagents do not denature the pro¬ 
tein, the precipitate will redissolve if the precipitant is removed. 

5. Solubility. As designated in the classification, the common protein 

solvents are water, dilute salt solutions, dilute acids and alkalies, and for 
a few 70 to 90 per cent alcohol. • 

6. Conductivity. Since proteins contain both amino and carboxy groups, 
they are amphoteric electrolytes and can form salts with both acids and 
alkalies. Thus the protein ion may exist either as the anion or cation, 
depending on the hydrogen-ion concentration, and at a certain pH the 
existing protein ions will be equally divided between the cations and 
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m. „h k a. •«--* >»“• “ »*>” " H “ 

the protein is precipitated most eas y. 

B '• W 

acidulated solutions of the alka J° lda f r ^"J' color reactions have been 

2. Color reactions. A large number aro ino acids. 

developed most of which are dependent A violet to red 

The more important reactions are. ( ) ^ ^ addfid ^ an alkaUne solu- 

color is developed when dilute c PP addition of a solution of 

mercuriifnitrate co^teiningBitrousaeid ^^^^p^^^^^tjon'^The 

‘id IS^a^i-tj^^; 

color which is intensified by heating and is changed to orange c 

asas =&. 

acid, a reddish-violet ring develops at the juncture of the two layers. 

The amides formed when the a-amino acids react with each ofcr 
constitute the proteins. The simple amides are known as PePfdes 
The simplest of these is HiN-CH.-CO-NH-CHr-COOH gly 
cylglycine; since it is composed oftwo^armno^jt.s eaU^ 
dipeptide. A tripeptide, e.g., NHj—CHj—OU—^ 

NH—CH 2 —COOH, glycylglycylglycine, contains three aclds i “.? 
through amide unions. In a dipeptide composed of tm-Afferent^amds, 
two isomers are possible, e.g., NHr-CHr-CO-NH-CH-COOH, gly- 

CH, 

cylalanine and CHr-CH^HO-CO-NH-CHs-COOU, alanyl- 
elycine It becomes apparent that, although the dipeptides and even 
the possible tripeptides made up of the known, naturally occurring 
a-amino acids (see Table 42) are relatively simple, the complexity in¬ 
creases as the size of the peptide molecule increases, or as the number 
of acids present increases. 

It is calculated that a decapeptide with 10 different amino acids may exist in 
10 X9X8X7X6X5X4X3X2X1 or 3,628,800 different structural isomers 
If each of these 10 acids has a center of optical asymmetry, then the number of °P t,cal 
isomers for each structural arrangement becomes 2“ or 1024 with ^ jacem.c mix- 
tures. The total number (not counting racemic mixtures) then becomes 1024 X 
3,628,800 or approximately 3.7 X 10*. 

Fortunately nature appears to favor regularity and does not build up 
the great variety of structures theoretically possible. For example, 
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the smallest natural protein is made up of 288 acid units (it is obvious 
that the molecular weight of this protein molecule will depend on the 
type of constituent acids); larger protein molecules are built up with 
mathematical regularity which is expressed as 288 X 2 n , where n prob¬ 
ably reaches a maximum of 3. Thus in nature we may expect to find 
protein molecules consisting of 

288 X 2° = 288 
288 X 2* = 576 
288 X 2 2 = 1152 
288 X 2* = 2304 

amino acids, respectively, joined in peptide linkage. Furthermore, in 
that minimum unit of 288 molecules considerable regularity will appear. 
Assume that from a protein fragment is obtained: 

glycine 8 molecules 

alanine 4 molecules 

tyrosine 2 molecules 

tryptophan 2 molecules 

These component molecules will appear with great regularity in the 
fragment. Since half the molecules are glycine, glycine will appear 
every other linkage; alanine will appear every fourth linkage; etc. 
The fragment will appear somewhat like this: 

—gl—al—gl—ty—gl—al—gl—tr—gl—al—gl—ty—gl—al—gl—tr— 

Glutathione is a tripeptide widely distributed in both plant and ani¬ 
mal tissues, and it is extremely important in tissue oxidation. It is 
composed of glutamic acid, cysteine, and glycine linked in the manner: 

HOOO-CH—CH*CH*—CO—NH—CH—CO—NH—CH 2 —COOH 

I I 

NH* CH*-SH 

In oxidation-reduction processes the reversible reaction may be repre¬ 
sented 

2G —SH G—S—S—G 

This formation relative to the disulfide linkage is suggestive of a similar linkage in 
the oxidation of thiosulfate to tetrathionate. 

2NaO—SOr—SH —> NaO—SO*—S—S—SO*—ONa 

Sodium tetrathionate 

An interesting protein molecule is insulin, the hormone of the pan¬ 
creas, which aids in the metabolism of carbohydrates. A molecule of 
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thie 260 have now been identified, as shown in Table 45. 

TABLE 45 

Composition of Insulin __ 


Amino Acid 

Lysine 
Arginine 
Hydroxyamino acids 
Threonine 
Serine 
Histidine 
Tyrosine 
Cysteine 
Glutamic acid 
Leucine 


Number 

Frequency of 
Occurrence 

n(R— COOH—HOH)* 

6 

2' 

X 

3‘ 

1/48 

768 

6 

2* 

X 

3‘ 

1/48 

836 

6 

2' 

X 

3' 

1/48 

644] 

AAA 

8 

2 s 

X 

3® 

1/36 

808 

12 

18 

2* 

2‘ 

X 

X 

3« 

3* 

1/24 

1/16 

1,044 

2,466 

f) A 1 O 

24 

2* 

X 

3' 

1/12 

3,912 

o 'TAO 

36 

2* 

X 

3* 

1/8 

3,708 

a AOO 

72 

72 

2* 

2* 

X 

X 

3* 

3* 

1/4 

1/4 

9,288 

8,136 

260 





31,610 


to the molecular weight is included. 

Protein Products 


A. Isolated proteins. . . . , 

1. Gelatin, U.S.P. An albuminoid used in the preparation of galenicals and 

protein derivatives. 

2. Hemoglobin derivatives have been administered by mouth in the treat¬ 
ment of pernicious anemia. 

3. Casein. A phosphoprotein, used in the preparation of pharmaceuticals 
and as a protein food. 

B. Egg proteins. 

1 Fresh egg yolk contains the phosphoprotein, vitellin, and a small amount 
’ of another protein, livetin. Is used in the preparation of galenicals. 

2. Fresh egg is used in the preparation of galenicals. 

C Protein foods: With the exception of casein and caseinate, these are mixtures. 
They are used chiefly in the diets of infants, undernourished adults, and 
diabetics. 

D. Metallic derivatives of proteins. 

1. Mercurol contains 20 per cent mercury combined with nucleic acid, and 
is used chiefly as a local antiseptic. 

1 du Vigneaud, Cold Spring Harbor Symposia Quant . Biol., 6, 279 (1938). 

* Nicolet and Shinn, J. Am. Chem. Soc., 63, 1486 (1941). 
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2. Peptonized iron, N.F. Prepared from peptone and iron oxide. This 
compound and the galenicals made from it are used chiefly for their nutri¬ 
tional value. 

3. Calomelol is a mercurous protein compound having the same therapeutic 
use as calomel. 

4. Strong Silver-protein, U.S.P., Protargol, N.N.R. and Protargentum con¬ 
tain between 7.5 and 8.5 per cent silver. They are antiseptics which 
stand between silver nitrate and the mild silver proteinates in both germi¬ 
cidal and irritant action. 

5. Mild Silver-protein, U.S.P., Argyn, Solargentum, Silvol, and Cargentos, 
contain 19 to 25 per cent of silver. They are nonirritant antiseptics 
(see page 501). 

6. Collargol belongs to the class of mild silver proteinates, but contains 
78 per cent of silver (see page 501). 

E. Nonmetallic derivatives of proteins. 

1. Albumin Tannate, composed of albumin and tannic acid, is used as an 
intestinal astringent. 

2. Ovogal is composed of egg albumin and bile acids, and is recommended 
chiefly as a laxative. 

3. Iodalbin and Iodo-casein contain iodine combined with protein, and have 
the same therapeutic action as the soluble iodides. 

F. Allergenic extracts are for the most part protein preparations used for the 
diagnosis (determination of the sensitivity) and prophylaxis (desensitiza¬ 
tion) in conditions due to allergy or hypersensitiveness. They are made by 
the extraction of single and mixed pollens, bacteria, food, hair, fungi, and 
many other substances. For a more complete description of the products 
and their uses see N.N.R. 

G. Thromboplastic substances, N.N.R. These substances contain a lecitho- 
protein called tissue fibrinogen, which promotes blood coagulation. 

H. Thrombin, N.N.R., is a sterile, hemostatic powder consisting of sucrose 
and the thrombin isolated from bovine plasma. It is applied topically as 
the dry powder or in sterile, isotonic salt solution to control capillary bleeding 
as well as bleeding in certain surgical conditions. It reacts with blood 
fibrinogen to form fibrin resulting in an adherent clot. 

The capacity of thrombin when applied topically to clot the blood and 
plasma speedily and firmly finds wide application in control of capillary 
bleeding, fibrin sutures of tissues, and skin graft fixation. 

I. Enzymes and hormones: Although nonprotein substances belonging to 
these two groups have been isolated, a number of enzymes and hormones 
appear to be conjugated protein compounds. 

Human Immune Globulin, U.S.P., N.N.R., is a solution of antibodies 

extracted from the placentae and placental blood of humans. Each lot 
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represents at least ten individuals. It is injected as a prophylactic 

U.S.P., Normal Human Serum, U.S.P., antitoxins, toxins, serums, and 

vaccines, may be regarded as protein products. silk 

Surgical Gut, U.S.P., Surgical Sutures, U.S.P., and Suf*w«lS 
U.S.P , are examples of products that do or may consist largely of 

Pr 23ta Injection, U.S.P. (Insulin, Iletin, Insulin Hydrochloride), is 
an aqueous solution of the active principle of the islet tissue of the pan¬ 
creas, purified to remove reaction-producing substances adjusted to a 

pH of about 3 by the addition of hydrochloric acid, and stabilized by 
the addition of about 0.2 per cent phenol or cresol and about 1.6 per 

The potency of insulin is expressed in terms of U.S.P. insulin units. 
Crystalline zinc-insulin is used as the reference standard. 

Insulin is used to control the blood sugar level in diabetes; it makes 
possible the normal utilization of carbohydrates. It is estimated that 
each unit on the average makes possible the utilization of 2 g. of carbo¬ 
hydrate. It is usually administered subcutaneously about 15 to 30 
min. before meals, the dose being calculated according to the require¬ 
ments for each individual. 

Protamine Zinc Insulin Injection, U.S.P., N.N.R. (Protamine Zinc 
and Iletin), is a uniform suspension of insulin with the protamine, 
derived from the sperm or testes of certain species of fish, and zinc 
chloride. Each cubic centimeter contains 40 or 80 units of insulin. 
About 0.125 mg. of protamine and 0.2 mg. of zinc are present for each 
100 units of insulin. 

This preparation has the same effects as insulin, but because it is 
more slowly absorbed the blood sugar level lowering effect is from three 
to six times as prolonged. The total dosage is about two-thirds that 
of unmodified insulin, and the greatest effect appears about 18 to 24 
hr. after administration. It is administered like insulin after shaking 
the vial to ensure uniform suspension of the precipitate. 

Pentanucleotide, N.N.R., consists of the sodium salts of the pentose 
nucleotides from yeast ribonucleic acid. It is prepared by the hydroly¬ 
sis of yeast nucleic acid with sodium hydroxide. It has been employed 
by intramuscular injection to treat infectious conditions accompanied 
by leukopenia. 

Nylon, a synthetic fiber and plastic, is an interesting commercial product made 
through amide linkages. It is synthesized essentially from hexamethylenedia- 
mine and adipic acid, the end-to-end union being employed to build up long-chain and 
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heterogeneous molecules. The synthesis of nylon from benzene is indicated by the 
following steps: 


CftHe —► C«H»OH 


•CJJnOH °^° 

Cyclohex anol 


CH,—CHr-COOH 


CH*—CH i—COOH 

Adipic acid 

CH,—CH,—CO—NH, crtrfytie 

1 hyd,'^r.,, on N 'Hr-CH,CH,CH,CH,CH,CH, 

CHj—CHj—CO—NHj Hcxamcthylcnediamine 

Diamide of adipic 
acid 


-NH a 


Hexamethylenediamine and adipic acid are then united through amide linkages, thus 

—CO—N H—CO— (CH i) «CO—N H—(CH a)«—N H—CO— (CH j)«—CO—N H— 

(CH*)«—NH—CO— 

This material is thermoplastic and it may be converted into fine fibers for weaving, 
or into coarse bristles for use in brushes. It is remarkable that in many of its proper¬ 
ties nylon is like protein fibers, c.g., wool, even in its approximation of the nitrogen 
content in the molecule. 


ANTIBIOTICS 

The living organism protects itself in competition for life in many 
ways. It may seize all the available food supply or living space more 
rapidly than its neighbors, metabolic excretions may change conditions 
such as pH, osmotic pressure, and surface tension, in the environment 
so that less tolerant organisms cannot grow; or it may excrete specific 
substances which interfere with the metabolic processes of other organ¬ 
isms to an extent that retards or completely represses the growth of these 
organisms. This last type of action has become known as antibiotic 
activity, and the substances which bring it about are known as anti¬ 
biotics. 

The discovery of penicillin and its introduction as a drug has been 
called appropriately “ the greatest contribution of medical science of the 
twentieth century.” Its discovery not only made available the most 
potent drug known but opened an entirely new approach to chemo¬ 
therapy, namely, the use of agents derived from molds, bacteria, and 
other organisms against disease. 

Antibiotic activity is not a new discovery. Pasteur in 1877 observed the inhibition 
of the growth of the anthrax bacillus by air-borne contaminants. Alexander Flem¬ 
ing, an English bacteriologist, in 1922, isolated lysozyme from egg white and noted 
that it had the capacity to dissolve certain bacteria. In 1929 Fleming announced 
the discovery of a mold which formed a green ring in a culture of S. aureus and de¬ 
stroyed the bacteria around it. He cultivated the mold and found that dilutions of 
the nutrient broth on which it was grown, even when diluted, prevented the growth 
of several pathogenic bacteria. Since the mold proved to be a species of Penicillium, 
Fleming named the new substance “ Penicillin ” and suggested its possible use as a 
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pneumococcal a n<J st reptococcal infoctioDS. Thi^annou^^^ sc|cntists at Oxford 

success of ££„^ r^xamme .he polities of penicillin. By 

University, who in 193/ had begun penicillin to demonstrate 

1940, they accumulated enough of the ^ gas _ gangrene in _ 

asa -— 

molds and lower forms of life such as bacteria, P. * reviewed in 

to be of special pharmaceutical interest will be discussed. 

Some of the more important antibiotic substances produced by 
actinomycetes with their sources and properties are: 

Actinomycetin from Streptomyces albus is a water-soluble polypeptide, 
precipitated by alcohol, acetone, and ammonium sulfate. It is thermolo- 
bile and is destroyed by strong acids. It is lytic chiefly to dead Oram- 
negative bacteria. 

Actinomycin, approximately C^H^NsOn, is an orange-colored pig¬ 
ment produced by Streptomyces antibioticus. It is readily soluble in 
alcohol, chloroform, and benzene, slightly soluble in water and ether, 
and practically insoluble in petroleum ether. Its reactions on oxidation 
and reduction indicate that it contains a quinoid structure. It is 
thermostable. Actinomycin is toxic to animals. It is highly bac¬ 
teriostatic to Gram-positive organisms. 

Proactinomycin from proadinomyces Gardneri is a basic substance, 
thermostable, water-soluble substance. It is active against Gram¬ 
positive bacteria and Gram-negative cocci in concentrations of 
1 : 500,000 or more. It is somewhat toxic to animal tissues. 

Streptomycin, N.N.R., from Streptomyces griseus was discovered by 
Wakesman in 1944. Next to penicillin, it appears to be the most 
important antibiotic that has been investigated. The manufacture 
consists of four main processes, namely, fermentation, recovery, purifica¬ 
tion, and finishing. 1 It may be obtained as pure crystals in the form of 
streptomycin calcium chloride complex, C2iH390i2N7-3HCl£CaCl 2 .- 
On hydrolysis streptomycin yields streptidine, a natural guanidine 
derivative which has been identified as the meso form of 1,3-diguanidine- 
2,4,5,6-tetrahydroxycyclohexane, and streptobiosamine which is linked 

* Porter, Chem. Eng., 53, 94 (Oct. 1946). 

2 Porter, The Merck Report , 56, 4 (1947). 
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to streptidine through the 4 position. 1,2,3 The structure of streptomycin 
and its hydrolytic products may be indicated: 


NH 

CHNHi 

NH 



Strcptobiosamine 

v __ _ J 

V 

Streptomycin 


Streptomycin is an organic base, forming salts which are relatively 
stable in solution over a pH range of 4 to 7. It is rapidly inactivated 
by 0.1 N NaOH or 0.1 N HC1. Streptomycin calcium chloride complex 
can be stored at temperatures not exceeding 30° for periods up to one 
year without significant loss of potency. Solutions are less stable, and 
when intended for parenteral administration, they should be freshly 
prepared. The sulfate and hydrochloride salts are soluble in water and 
slightly soluble or insoluble in most organic solvents. 

Streptomycin is effective in many Gram-negative bacillary infections, 4 
including: tularemia, influenzal meningitis and pneumonia, meningitis, 
plague, Shigella dysentery, and infections of the urinary tract, wounds 
and bacteremias caused by Escherichia coli, Baccillus proteus , Pseudo¬ 
monas aeruginosa , and Aerobacter aerogenes. It is often effective against 
Gram-positive organisms causing diseases that are resistant to penicillin 
and the sulfonamides, such as septicemia due to hemolytic strep¬ 
tococci, Staphylococcus aureus and Staphylococcus albus infections, 
anthrax, and diphtheria. It offers promise of value in the treatment of 
gonorrhea, leprosy, tuberculosis, and whooping cough. 

Streptomycin is of low toxicity, but large repeated doses given for a 
period of two or three weeks may lead to toxic reactions. It is usually 
administered by injection in concentrations of about 10 to 25 per cent. 

1 Peck, HofThine, Peel, Graber, Holly, Mozingo, and Folkers, J. Am. Chem. Soc. t 

t Kuehl Peck, Hoffhine, Peel, and Folkers, J. Am. Chem. Soc., 69, 1234 (1947). 

* Kuehl’ Peck, Hoffhine, and Folkers, J. Am. Chem. Soc., 70, 2325 (1948). 

* J. Am. Med. Assoc., 135, 839 (1947). 
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It mav be given orally dissolved in water, milk, or fruit juice for local 
action in the gastrointestinal tract. It is used by inhalation against 
chronic pulmonary infections, and in solution for topical application. 

Many susceptible organisms rapidly develop resistance to strepto- 

mycin. . . 

Dihydrostreptomycin, a hydrogenated form of streptomycin, is re¬ 
ported to cause less neural damage and fewer allergic reactions than 
streptomycin. 

Streptothricin is formed by Streptomyces lavendulae grown in a medium 
of glucose and nitrogenous compounds such as glutamic acid or glycine. 
It is an organic base, CuHitOrHt, which readily forms water-soluble 
salts. It is readily absorbed on activated charcoal from neutral solution 
and may be eluted with aqueous acid or alcohol acid solutions. The 
free base is soluble in water and slightly soluble in most organic solvents. 
When pure it is thermostable. It is relatively stable in solution at 
pH 1 to 8 but is destroyed by strong alkalies. 

Streptothricin is active against many Gram-positive and Gram¬ 
negative bacteria. It has a relatively low acute toxicity, but it exhibits 
a delayed and cumulative toxic effect in experimental animals. 

An important group of antibiotics is produced by molds or fungi. 
Some of the more important ones are: 

Penicillin is produced by various strains of Penicillium notatum , 
Penicillium chrysogenum, and by several other fungi. It is an acid, 
soluble in dilute acids and alkalies, ether, acetone, dioxane and ethyl 
acetate, slightly soluble in halogenated hydrocarbons and benzene. 
It is unstable and readily inactivated by light, heat, heavy metal ions, 
oxidizing agents, and penicillinase. It forms salts which may be 
amorphous or crystalline. Penicillin Calcium , U.S.P ., N.N.R., and 
Penicillin Potassium are the chief forms in which penicillin is used in 
therapy. 

After penicillin became commercially available as a drug, research 
centered largely about more efficient methods of production, the chemi¬ 
cal structure of the molecule, and means of stabilizing the product. 
The methods of production have been of four types: 

1. Surface culture in shallow, 1 to 2 cm. liquid media, usually in flasks. 

2. Surface culture on solid media, e.g. bran. 

3. Submerged culture in liquid media, the vessels containing the culture 
being aerated and stirred. 

4. Culture on liquid media that is circulated over supporting material such 
as wood shavings. The penicillin is separated from the mold by filtration, 
adsorption followed by elution, concentration, and purification by crystal¬ 
lization or other means. 1 

1 Production methods have been described in considerable detail by several pharm¬ 
aceutical manufacturers, e.g., Research Today, 11, No. 2, (1945), Eli Lilly and Co. 
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Chemical studies of penicillin revealed that the initial product was a 
mixture of several different and closely related compounds. The 
constitution of the penicillins was elucidated as the result of collaborative 
research carried out in many laboratories in the United States and Great 
Britain in the period 1943-1945. 1 The penicillins have the same basic 
structure. The amounts of a given species produced vary according to 
the strain of fungi used and the cultural conditions. It has been shown 
that the yields of penicillin can be increased and that new penicillins 
may be biosynthesized by the addition of certain precursors to the 
fermentative media. 2 

The structure of the common penicillins is indicated, and the deg¬ 
radation reaction which served to elucidate these structures are 
summarized : 3 


/\ /*• 

RCONH-CH-CH c' 

I P CH * 

CO-N-CH-COOH 

Penicillin, general structure 



Mild alkali or 
Penicillinase 


RCONHCH,CHO 

Penilloaldehyde 


1 Clarke, H. T., The Chemistry of Penicillin, Princeton University Press, Princeton, 
1949- 

* Science, 106, 503 (1947). 

* Science, 102, 627 (1945). 
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The nomenclature, types of side chain, and approximate activity of the 
common penicillins is shown in Table 46. 

TABLE 46 


Penicillins and Their Activities 


Name 

Side Chain R 

Activity per mg. 
against 1 

Ratio 

a/b 

a. 

B. Subtilis 

6 . 

S. Aureus 

American 

British 

F 

G 

X 

K 

I 

II 

III 

K 

A’-pentcnyl, CHjCH*CH=*CHCH* 
Benzyl, C*H»CH*— 
p-Hydroxybenzyl, HOC*H»—CHi 
n-Heptyl, CH«—(CHt)»—CH* 

970 

1667 

800 

700 

1550 

1667 

900 

2300 

0.63 

1.0 

0.89 

0.30 


Commercial penicillin may contain one or more of the penicillins in 
varying proportions. Since the different species of penicillin have 
different activities, the introduction of pure crystalline penicillin 
marked a great advancement. Crystalline penicillin in the dry state 
is stable, but solutions of the crystals lose potency rapidly at ordinary 
temperatures. The crystalline purified amorphous salts are free from 
many toxic impurities that occurred often in products when penicillin 
was first introduced. Consequently, massive doses may be given with¬ 
out danger, other than systemic reactions encountered in susceptible 
individuals. Other advantages of the purified crystalline penicillin 
over less pure amorphous mixtures are less irritation, absence of local 
pain or reaction at the site of injection, certainly of full therapeutic effect, 
and greater stability of preparations. 

The penicillins are acids that form salts and esters. The free acid is 
too unstable to be useful. Consequently, it is supplied in the form of 
Penicillin Calcium , U.S.P ., N.N.R., Penicillin Sodium , U.S.P.> N.N.R., 
and Penicillin Potassium. 

The potency of penicillin is expressed in terms of units per milligram 
of drug. The unit is defined as the activity present in 0.6 microgram 
of the penicillin master standard consisting of crystalline sodium 
penicillin established by the U. S. Food and Drug Administration. 2 
One mg. of crystalline penicillin is equivalent to 1667 Oxford units. 

i Schmidt, Ward, and Coghill, /. Bad., 49, 11 (1945). Also see Science, 106, 504 
(1947) for other values. , _ , . _ 

a Defined in the Federal Register, November, 1946, Chapter 1, Food and Drug 
Administration, Part 146; “ Crystalline Penicillin G is crystalline penicillin which 
contains not less than 90 per cent of the sodium salt of penicillin G.” 
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The use of penicillin has passed through the stage of uncertainty 
concerning the indications, dosage, and methods of administration. 
Technics for accurate bacteriological diagnosis, measurement of the 
degree of susceptibility of organisms, and determination of the blood 
level of penicillin have been devised. Most susceptible organisms are 
controlled by a blood level of about 0.15 unit of penicillin per cc. of 
serum. The choice of method of treatment, duration of treatment, and 
adjuvant therapy depend on the individual case. The difficulty of 
maintaining effective blood levels of penicillin have been overcome by 
the introduction of products that suppress the excretion of the antibiotic 
agents, e.g., see Coronamide, page 474. 

The great value of penicillin as a drug is indicated by the following 
partial list of the conditions and diseases that often respond to adequate 
penicillin therapy: anthrax, relapsing fever, botulism, gas gangrene, 
malignant edema, tetanus, diphtheria, pneumonia, meningitis, gonorrhea, 
various infections due to S. aureus and streptococci, septicemia, parrot 
fever, syphilis, Vincent’s infection. It may be used advantageously 
as an adjuvant, for prophylactic purposes in surgery, and for its syner¬ 
gistic action in treatment with the sulfonamides and immune sera. 

Forms for the administration of penicillin include: (a) the dry calcium 
salt which may be applied topically as the powder, in isotonic solution 
of sodium chloride, or in an ointment; (6) the dry salt in serum-type 
vials to be dissolved in distilled water or isotonic sodium chloride for the 
preparation of sterile injections or inhalations; (c) a sterile suspension 
of the salt in oil and wax for intramuscular injection; ( d) buffered 
tablets for oral use (oral administration usually requires 4 to 5 times the 
dosage by injection to attain the same blood level of penicillin); (e) 
lozenges and troches to be held in the mouth in the treatment of Vincent’s 
infection, pharyngitis, and tonsillitis. 

Procaine Penicillin G (Duracillin) is a crystalline, nonpyrogenic 
compound combining equimolar amounts of procaine and penicillin G. 
When administered as a suspension in sesame oil, 1 it is reported to have 
an anesthetic effect and to prolong the effective concentration of penicil¬ 
lin in the blood. 

Penatin (Notatin, Penicillin B) is produced by Penicillium notatum 
which also produces penicillin. Penatin is a high-molecular-weight 
flavoprotein, soluble in water and insoluble in most organic solvents. 
It is quite stable in acid solution but is destroyed by alkalies. It is 
active against Gram-positive and many Gram-negative bacteria. The 
presence of glucose and oxygen is required for its activity; it is reported 

1 Proc. Staff Meetings Mayo Clinic, 22, 567 (1947). 
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to act as a glucose oxidase causing bacteriostatic effects by liberated 

H 2 0 2 . Catalose inhibits the activity of penatin. rraillus 

Flavicin (Flavatin, Aspergillin, Flavacidm), produced by Aspergillus 

flavus, has been found to consist largely of penicillin F. nmnhoteric 
AspergilUc Acid, produced by Aspergillus flavus, is an amphoteric 
pyrazine derivative. It is soluble in diluted acids and alkalies alcohol, 
ether, acetone, benzene, chloroform, and pyridine and insoluble in cold 
water; it can be distilled with steam or in vacuum without loss ol 
activity. Aspergillic acid is somewhat toxic to animals. It is bacteri¬ 
ostatic and bactericidal for Gram-positive cocci and certain Oram- 
negative bacteria, but the potency and toxicity are rapidly destroyed 
after injection. Pure aspergillic acid, m.p. 96.5-97.5 , is responsib e 
for only a part of the antibiotic activity; another fraction, m.p. 118 to 
121°, is responsible for about 75 per cent of the activity. 1 

Bromoaspergilhc Acid is 8 to 10 times more active than aspergillic 
acid against Streptococcus hemoliticus. 

N CH S 


/ ^ . 

HC C—CH-CH*—CH 3 


CH,—CHj—CH*—C C=0 

\ / 

N 


OH 

Aspergillic acid 


C 2 Hs oh 

I I 
c=c 

/ \ 

0=C C=C—COOH 

\ / I 

c=c o 

I 1 I 

CH, CH-1 

I 

CH 3 

Citrinin 


Citrinin, m.p. 170-171° (dec.), produced by Penicillium citrinum and 
other fungi, is a yellow, crystalline compound, slightly soluble in water 

‘Dutcher and Wintersteiner, J. Biol. Chem., 155, 339 (1944); Federation Proc. 
4, 88 (1945). 
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and soluble in alkalies. 1 The color changes from yellow at pH 4.6 to 
pink at pH 5.7 and red at pH 9.9. It is active against Gram-negative 
bacteria but has little activity against Gram-positive organisms. It is 
inactivated by cysteine. 

Penicillic Acid, m.p. 87°, produced by Penicillium cycopium and 
Penicillium puberulum, is an unsaturated keto acid which forms readily 
soluble salts. It is toxic when injected into animals in amounts of 0.2 
to 0.3 gm. per kg. It has some activity against Gram-positive and 
Gram-negative bacteria, and yeasts. Its action is inhibited by incuba¬ 
tion with amines, amino acids, and sulfhydryl compounds. 



Pcoicillio add 



Clavacin 



Clavacin (Patulin, Clavatin, Claviformin), m.p. 111°, produced by 
Aspergillus clavatus, Penicillium claviforme , and other fungi, is a color¬ 
less, neutral, optically inactive compound, readily soluble in water and 
most organic solvents. 

Clavacin elicited general interest when it was reported that it cured 
the common cold. Unfortunately, this activity was not verified when 
it was given a thorough clinical trial. Clavacin is a general proto¬ 
plasmic poison; it is fungistatic and is active against Gram-positive 
and Gram-negative bacteria. Both clavacin and penicillic acid contain 

O 

ii 

the group —CH=C—C—. Evidence has been presented that com¬ 
pounds of this type react with sulfhydryl compounds and that the 
activity may be caused by their reaction with sulfhydryl groups found 
in enzymes or metabolites essential to bacteria growth. This hypothesis 

»Bailey and Cavallito, J. Bacl., 45, 30 (1943). 
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is supported by the fact that certain a./ 3 -unsaturated ketones, particu¬ 
larly acrylophenone (CH*=CH—CO—CeH*), possess properties re¬ 
sembling clavacin in (a) reactions with sulfhydryl compounds, W 
fungistatic activity, and (c) bactericidal power. 

Gliotoxin, produced by Gliocladium fimbriatum, Aspergillus fumigatus, 
various species of Trichoderma, and other fungi, is a white, crystalline 
compound, m.p. 121-122°, [a]!? = -239°, slightly soluble in water, and 
readily soluble in pyridine, alcohol, and dioxane. It is inactivated by 
oxidation, heat, cysteine, and strong alkalies. Gliotoxin is fungicidal, 
bacteriostatic, and bactericidal to many organisms. It is toxic for 
animals. Examination of the formula shows that it contains the indole 
nucleus in addition to the disulfide linkage. 



Gliotoxin 

Puberulic Acid, m.p. 316-318°, produced by Penicillium puberulum 
and other species of Penicillium , is a colorless water soluble, optically 
inactive, dibasic acid, containing a quinol group. Puberulonic Acid, 
m.p. 298°, occurs along with puberulic acid and yields yellow crystals. 
It contains a quinoid group. These acids have some activity against 
Gram-positive bacteria. 

Viridin, produced by Trichoderma viride, has been isolated in crystalline 
form; although it is unstable in most aqueous solutions, it is stable at 
pH 3.5. It is fungistatic and weakly bacteriostatic. 

Fumigacin, produced by Aspergillus fumigatus , is a levorotatory 
monobasic acid, soluble in ether, chloroform, and benzene, slightly 
soluble in alcohol, and insoluble in water. It forms water-soluble salts 
with alkalies. It is bacteriostatic against Gram-positive bacteria and 
inactive against Gram-negative bacteria. It is relatively nontoxic, but 
prolonged parenteral use has been reported to cause liver damage. 

Mycophenolic Acid, produced by Penicillium brevicompactum , is some¬ 
what active against Gram-positive bacteria and fungi. It is said to be 
the first antibiotic ever crystallized. 

Many antibiotic substances are produced by bacteria. They vary in 
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chemical nature and include: pigments, lipoids, polysaccharides, 
polypeptides, and proteins. Some of the more important ones are: 

Pyocyanase, produced by Pseudomonas aeruginosa (B. pyocyaneus), 
at first believed to be an enzyme, has been separated into various com¬ 
ponents including a phosphatide, a pigment-yielding pyocyanin, and 
oxyphenazine, a neutral fat, and the unsaturated acids, pyocyanic acid 
and pyolitic acid. The antibiotic activity appears to be associated 
with the unsaturated acids. Pyocyanase is soluble in ether, benzene, 
and other lipoid solvents. It is active against many Gram-positive 
and Gram-negative organisms. The activity and the toxicity vary with 
different preparations. 

Pyocyanin, m.p. 133°, a water-soluble, thermostable, amphoteric blue 
pigment, is active against many Gram-positive and Gram-negative 
organisms and toxic to animals. 

Hemipyocyanin (a-Hydroxyphenazine), m.p. 158*, is an amphoteric, 
yellow pigment, slightly soluble in water; it is bacteriostatic and 
fungicidal. 



Pyocyanin Phenaxino Iodinin * 

Iodinin, produced by Chromobacterium iodinum, m.p. 236°, is a water- 
insoluble, alkali- and chloroform-soluble, purple pigment, active against 
many Gram-positive organisms. 

Bacitracin, produced by Bacillus subtilis t is a water-, glycerol- and 
propylene-glycol-soluble, neutral polypeptide. It is stable in the dry 
state and in acid solution but unstable in strong alkaline solutions. It 
is not digested by proteolytic enzymes or inactivated by penicillinase. 
It is inactivated by oxidizing agents. It is active chiefly against Gram¬ 
positive organisms and inactive against most Gram-negative bacteria. 
It is relatively nontoxic. 

Bacitracin has been released for investigational use. At present it is 
being used only by local injection or local application for the treatment of 
ulcers, boils, carbuncles, etc. It is used in aqueous solution and in the 
form of an ointment. 

Subtilin produced by certain strains of Bacillus subtilis is a water- 
soluble, photosensitive, unstable polypeptide. It is not readily digested 
by proteolytic enzymes. It is most active at pH 2.2 and loses activity 
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as the acidity decreases. It is nontoxic to animals. It is active against 
certain pathogenic fungi, Gram-positive bacteria, and acidfast bacteria. 

Many substances produced by yeasts, animals, and higher plants have 
been described as antibiotics. None of them have proved of value as 

medicinal agents. # 

Tyrothricin is a substance extracted from the sporulating sou bacteria, 
Bacillus brevis. It consists of about 20 per cent gramicidin and 80 
per cent tyrocidine. The results of toxicity studies indicate that the 
use of tyrothricin must be limited to topical application, oral administra¬ 
tion, and post-operative irrigations, since on parenteral injection it 
hemolyzes erythrocytes. Tyrothricin has proved of value in diseased 
conditions such as carbuncles, boils, infected wounds, indolent ulcers, 
certain infections of the eye, and sinus infections, when they are caused 
by Gram-positive organisms. Solutions 1 : 2000 are employed as a 
rule for irrigation, wet dressings, and instillations. In the veterinary 
field tyrothricin is used for the treatment of bovine mastitis and other 
infections. 

Gramicidin (Gramicidin) is a crystalline polypeptide, soluble in water 
and slightly soluble in ether, containing no free carboxyl or amino 
groups. It is completely inactive against Gram-negative bacilli, some¬ 
what active against gonococcus and meningococcus, and selectively 
active against Gram-positive cocci and bacilli. Its antibacterial 
activity is inhibited by phospholipids. It appears to be relatively 
nontoxic to most tissue cells. 

From the hydrolysates of gramicidin have been isolated all the 
fragments that account for the total nitrogen of the molecule, viz.: 
6 L-tryptophane, 6 D-leucine, 5 DL-valine, 3 L-alanine, 2 glycine, and 2 
ethanolamine. It is possible that some nonnitrogenous fragment still 
remains to be isolated and identified. 1 

Gramicidin C, formed by a special aerobic soil bacillus, is composed of 
more than 10 per cent leucine and 10.5 per cent proline; no tryptophane, 
phenylalanine, etc., were found.* 

Gramicidin S (S for Soviet) is built up of basic units consisting of a 
molecule each of L-ornithine, L-proline, L-valine, L-leucine and D-phenyl- 
alanine. It is closely related to tyrocidine . 3 Partial hydrolysis yielded 
the following dipeptides: L-valyl-L-ornithine, L-ornithyl-L-leucine, 
D-leucyl-D-phenylalanine, D-phenylalanyl-L-proline. Hence, the se¬ 
quence of amino acids must be L-valyl-L-ornithyl-L-leucyl-D-phenyl- 
alanyl-L-prolyl, occurring once, or possibly repeated in a cyclopeptide. 

1 Synge, Biochem. J., 39, 355 (1945). 

1 Hauze, Brazhnikova, Belozerskii, and Paskhina, ByuU. Eksptt. Biol. Med., 18, 
No. 4/5, 3 (1944); C.A. , 40, 918 (1946). 

8 Synge, Biochem. J., 39, 363 (1945). 
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X-ray crystallographic studies indicate either a simple pentapeptide or a 
decapeptide. 1 

Actidione, an antibiotic from Streptomyces griseus, active against 
yeasts, appears to have the structure 2 

CH*— CH—CH 3 

/ \ 

CH 3 CH CO CH*— CO 

\ / / \ 

CH*—CH—CHOHCH*—CH NH 

\ / 

CH*—CO 

Actidione 

Tyrocidine (Tyrocidin) is a crystalline polypeptide, containing free 
amino groups. It forms a water-soluble, ether-insoluble hydrochloride. 
It is bactericidal in buffered solutions against most species of bacilli, 
destroying their metabolic activity, but it is also toxic to tissue cells. 
Its antibacterial action is inhibited by phospholipids. Hydrolysis of 
tyrocidine yielded phenylalanine, leucine, proline, valine, tyrosine, 
ornithine, glutamic acid, tryptophane, and aspartic acid. 3 

Polymixin, isolated from Brucella polymyxa, and Aerosporin, isolated 
from Bacillus acrosporous Greer , are probably dissimilar in chemical 
composition. Both of these antibiotics are active against Gram¬ 
negative organisms and have been shown to be active in mice against 
such organisms as Klebsiella pneumoniae , Escherichia coli, and Aerobacter 
aerogenes. 

AMIDINES 

Amidines have the characteristic structure: 

NH* 



NH 

They may, according to the ammonia system of compounds, be looked 
upon as the complete ammono analogs of the carboxylic acids. On 
being heated with water they form ammonia and the corresponding 
amide. Amidines may conveniently be prepared by causing an ortho¬ 
ester to react with ammonia: 

NH* 

R—C(OEt), + 2NH* —> R—+ 3EtOH 

NH 

1 Gordon, Martin, and Synge, Biochem. J., 40, xliii (1946). 

* Kornfeld, Jones, and Parke, J. Am. Chem. Soc., 71, 150 (1949). 

•Gordon, Martin, and Synge, Biochem. J., 37, 313 (1943); Christensen, Uzman, 
and Hegsted, J. Biol. Chem ., 158, 279 (1945). 
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or by causing a nitrile to react with ammonia: 

NH 2 

R—CN + NH 3 —► R-C^ 

NH 

Substituted ammonias produce the correspondingly substituted ami- 
dines. 

N,N'-Di (p-ethoxyphenyl )-a,a-diethylacetamidine 


C*Hs 



and compounds of related structure exhibit local anesthetic activity. 1 

Diamidinoalkanes show trypanocidal activity, the most active 
in the series being the dihydrochloride of diamidinoundecane. 2 

NH 2 —C—(CHi)n—C—NH 2 

II II 

NH NH 2 

Di a midi pound ec nno 

Compounds of related structure R—C—NH(CH 2 ) n —NH—C—R are 

- II II 

NH NH 

proposed for use as disinfectants. 8 Symmetrical amidines of the fol¬ 
lowing general structures 

NH NH 

K - —CH-CH—, Stilbamidine.4.4'-Stilbencdiamidine 
K — —0(CHt)iO—. Propamidine.4.4'-Diamidinodiphcnoxypropane 
K — —0(CHt)»0—. Pentamidine,4,4'-Diamidinodiphenoxypentane 

possess activity against protozoal infections. The therapeutic indices 
for the three compounds toward T. rhodesiensi are given as 39, 15, and 
15, respectively. Stilbamidine and pentamidine show activity against 

1 Kaufmann, Budwig, and Lohnke, Ber., 75, 1585 (1942); C.A., 38, 1215 (1944). 
«Yorke, Trans. Roy. Soc. Trap. Med. Hyg., 33, 463 (1940); C.A., 34, 5179 (1940). 
Ashley, Barber, Ewins, Newbery, and Self, J. Chem. Soc., 1942, 103; C.A., 36, 3497 
(1942). Geigy, British pat. 538,822; C.A., 36, 3511 (1942). Ewins et al., British 
pat. 538,463; C.A., 36, 3511 (1942). 

* Hunt, Kirby, and Lontz, U. S. pat. 2,364,075; C.A., 40, 2273 (1940). 
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Plasmodium knowlesi and P. relicti. Stilbamidine, administered in¬ 
travenously or intramuscularly, shows encouraging results in the treat¬ 
ment of sleeping sickness in man if the protein content of the cere¬ 
brospinal fluid is not over 0.05 per cent. 1 It is also effective for the 
treatment of Babesiosis canis in dogs. 2 

Propamidine is reported to be bacteriostatic in minimal concentra¬ 
tions of 1 : 128,000 against S. aureus, 3 to be effective in the treatment of 
war wounds without causing hemolysis or phagocytosis, 4 and to be 
effective in the treatment of secondary infections caused by hemolytic 
streptococci. Old wounds which failed to heal with sulfanilamide or 
other agents were successfully controlled in 4 to 10 days with 0.1 per 
cent propamidine in a water-soluble jelly. 6 Propamidine is active 
in vitro against Leishmania Donovani . 6 

Polyamines interfere with the bacteriostatic activity of propamidine. 7 

Pentamidine, active in vitro against Leishmania Donovani , 6 has been 
used successfully in a patient who did not respond to neostibosan; he 
received ten doses of 80 mg., and there was no evidence of recurrence of 
infection for at least a year. 8 It has also been suggested for the treat¬ 
ment and prevention of trypanosomiasis. 9 

The suggestion to investigate the properties of the diamidines in 
trypanosomiasis began with the observation that trypanosomes require 
glucose, that the organisms become moribund or even inanimate when 
the blood serum is deficient in glucose. It was reasoned, therefore, 
that hypoglycemia-producing agents may be useful in trypanosomiasis. 
Insulin was ineffective, but synthalin, decamethylene diguanidine, 
proved to be trypanocidal in rats and in vitro killed trypanosomes in 
dilutions of 2 : 1 X 10 -8 . However, the protozoicidal effects seemed 
to bear no relation whatever to the hypoglycemic action. Since 
synthalin is highly toxic, other symmetrical diamidines were prepared 
for examination. 10 

Paludrine (l-p-Chlorophenyl-5-isopropylbiguanide, “ 4888 ”), m.p. 
160-162°, first synthesized in 1944, is a new type of antimalarial. It 

» Bowesman, Ann. Trop. Med., 34, 217 (1940); C.A., 40, 7403 (1946). 

1 Daubney and Hudson, Ann. Trop. Med., 35, 187 (1941); C.A., 40, 7403 (1946). 

* Kohn, Lancet, 244, 140 (1943). 

4 Thrower and Valentine, ibid., 244, 133 (1943). 

6 Mclndoe and Tilley, ibid., 244, 136 (1943). 

•Adler, Tchernomoretz, and Ber, Ann. Trop. Med. Parasilol., 39, 14 (1945); 
C.A., 40, 621 (1946). 

» Snell, J. Biol. Chem., 152, 475 (1944); C.A., 38, 2070 (1944). 

•Kirk and MacDonald, Ann. Trop. Med. 34, 131 (1940); C.A., 40, 7403 (1946). 

•Van Hoof, Henrard, and Peel, Trans. Roy. Trop. Med., 37, 271 (1944); C.A., 
38, 5307 (1944). 

10 Rosenberg, Ann. Internal Med., 25, 832 (1946). 
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is reported to be three times more potent than qumacrine and ten times 
more active than quinine. It does not produce yeUowingof the sk m 
is effective in preventing relapses in tertian malaria, and, because ol 
exoerythrocytic activity, is an effective prophylactic. 1 

The synthesis of paludrine is indicated as follows : 2 



NH—CN 


NH 2 


nh, clCeH4NH _e/ 

p-Chlorophenyl- (pressure Nj. 

»t 120*) 


cyanamide 
(CHi)aCHNHCN X= 



NH 

-C—NH—C—NH—CH (CHs) 2 

II II 

NH NH 

Paludrine 


Chloroazodin, U.S.P. (Azochloramide, N-N'-Dichloroazodicarbon- 
amidine), consists of yellow crystals, readily soluble in water. It is used 
as a chlorine-liberating antiseptic and germicide, being reported to be 
active over prolonged periods in the presence of pus and organic matter. 
It is used in solutions of about 1 : 3000 to 1 : 500 in glyceryl triacetate 
for wet dressings and topical application. 

N—Cl N—Cl 

II II 

HjN—C—N=N—C—NHj 


Guanidine, NH*—C—NH 2 , is formed when urea is treated in alkaline 

II 

NH 

solution with dimethyl sulfate and ammonia; methylation takes place 
through the enol form of the urea, thus 

M«SO« 

NH 2 -CO-NH 2 -^NH 2 -C-OH ^ 

II 

NH 

NHi 

NHj-C—OMe —► NH 2 —C—NH 2 

II II 

NH NH 

Methylisourea Guanidine 

If the methylisourea is allowed to react with ammonia, guanidine is 
formed. 

Among the guanidine compounds possessing unusual physiological 

1 Warrington Yorke Memorial Number, Ann. Trop. Med., 39, Nos. 3 & 4, (1945). 
9 Gupta and Gupta, Science and Culture, 11, 704 (1946); C.A., 40, 5408 (1946). 



430 


AMINES AND AMINE DERIVATIVES 


properties are the polymethylene diguanidines, 

NH2—C—NH—(CHj)n—NH—C—NH a 

II II 

NH NH 

which have a hypoglycemic action; i.e., they produce a lowering of the 
blood sugar level. Decamethylene diguanidine, called by the more 
euphonious name of synthalin, was tried as a substitute for insulin, but 
the results were not sufficiently encouraging to justify its extensive use 
in the clinic. 

Spherophysine, (CH 3 ) 2CH—CH=CH—NH—(CH 2 )4—NH—C—NH 2 , 

II 

NH 

has been isolated from the Sphaerophysa salsxda , a Central Asian plant. 
Injected into experimental animals it produces a lowering of blood 
pressure. 1 
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CHAPTER IX 

CYANIDES AND NITRO COMPOUNDS 
CYANIDES 

Cyanides or nitriles have the general structure R—C=N. Although 
they may be considered structurally as esters of hydrocyanic acid, their 
properties differ appreciably from those of esters. Hydrogen cyanide is 
such a weak acid that the organic cyanides cannot be prepared from it 
and the alcohols. 


Preparation 

The nitriles may be prepared by various methods, some of which are: 

1. The removal of water from amides; the agent generally used is phospho¬ 
rus pentoxide. 

R—C=0 R—CN 

I 

NH, 

2. The removal of water from aldoximes; acetic anhydride is a good dehydrat¬ 
ing agent for aldoximes: 

R—C=NOH R—CN 

I 

H 

3. The reaction of an alkyl halide with a metallic cyanide: 

R—X + NaCN —► R—CN + NaX 
CHjO—SO,—OCHj + KCN —»- CHjCN + CHjO—SO,—OK 

4. The reaction of cyanogen chloride with the Grignard reagent: 

R—Mg—X + Cl—CN —*- R—CN + X—Mg—Cl 

Acetonitrile, CH 3 CN, distils at 81.5° and the higher homologs distil 
at higher temperatures, showing, as a rule, the effect of the introduction 
of methylene groups. 
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Properties 

The chemical properties are summarized: 

1. Hydrolysis: 

(а) Under mild conditions to form amides: 

R—CN + HOH —R—CO—NH 2 

(б) Under vigorous conditions to form acids: 

R—CN + 2HOH —>■ R—COOH + NH 3 

(c) With absolute alcoholic hydrogen chloride to form iminoethers: 


RCN + EtOH + HC1 


OEt 
^Vh-HCI 


HOH 


R—COOEt + NH 4 CI 


which may be readily hydrolyzed to esters. 

2. Hydrogenation to form amines: 

(a) Mendiua reduction, with metalhc sodium and alcohol, to form pnmary 


amines: 


R-CN ^ R-CH, 


-nh 2 


(ft) Catalytic hydrogenation may form primary, secondary, andJertwxy 
amines! It is possible to obtain exclusively the pnmary amine by red c- 
ing the nitrile in the presence of sufficient hydrogen ion.. The hyd™- 
genation reactions are important, since they enable_the chemist_to 
increase the length of a given carbon chain, e g., RX —K 
r —CHi—NHi —R—CHjOH —*- R-CH,X etc. 

3. The formation of imide chloride on the addition of hydrohalogen acid: 

R—CN + HX—*- R—C=NH 

I 

X 

These products, the ammono analogs of acid halides, react like typical acid 
hnlides, e.g., with alcohols to form esterlike compounds: 

R—C=NH + EtOH —► HX + R —C=NH 

| I 

X OEt 

4. The formation of ketones with the Grignard reagent: 

R—CN + R'MgX —► R—C=N—MgX 5^5- R—CO— R' 

I 

R' 

The fitst member of the series of nitriles is formonitrile, HCN, hydro- 
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gen cyanide. It possesses the characteristics both of a weak acid and 
of an acid nitrile. It is extremely toxic, producing its effect in part by 
forming a stable complex with hemoglobin. ^-Aminoacetophenone and 
^-Aminopropiophenone, producing methemoglobinemia, protect experi¬ 
mental animals against the lethal action of hydrogen cyanide and 
cyanogen chloride . 1 Dogs receiving up to four LD*o doses of hydrogen 
cyanide may be saved by the intravenous administration of p-amino- 
propiophenone . 2 

The organic cyanides, RCN, are less toxic than HCN, and many of 
them possess a pleasant odor. 

Isomeric with the nitriles are the isonitriles, related to each other as 
are hydrogen cyanide and its tautomer, 

H—CN H—NC R—CN R—NC 

Hydrocyanic Tautomer Nitrile Iaonitrile 

acid 

The isonitriles, also called carbylamines, are obtained in small amounts in 
the synthesis of nitriles, especially when an alkyl halide is allowed to 
react with an alkali cyanide. They are very toxic, and it is not im¬ 
probable that the toxicity of the nitriles is largely caused by the isonitrile 
present as an impurity. The isonitriles are characterized by their ob¬ 
jectionable odor. They serve to identify primary amines according 
to the reaction: 

R-NH 2 + CHClj + 3KOH —> R-NC + 3KC1 + 3HOH 

The cyanohydrins are hydroxynitriles. Hydrogen cyanide will 
react with a carbonyl group to form a cyanohydrin or hydroxynitrile, 

6 g CjHj—CHO + HCN —C*H 5 —CHOH—CN 

Mandcloaitrile 

The importance of such a synthesis is apparent (see also the Cyanophoric 
Glycosides, page 181). 

Brombenzyl Cyanide, C 6 H 6 CHBrCN, is employed in chemical warfare 
as a lachrymator and is classified as a “ persistent ” gas. Its odor 
is characterized as “ sour fruit.” It produces headache and a pro¬ 
longed smarting of the eyes. 

Chloral Hydrocyanide (Trichlorolactonitrile), CCI3 —CH(OH)CN, is 
a white, crystalline compound, m.p. 61°, b.p. 220 °, soluble in water and 
alcohol. It is used to administer HCN as a substitute for bitter almond 
water and cherry laurel water. It is also used to kill animals, being 
injected for this purpose. 

1 Vandcnbelt, Pfeiffer, Kaiser, and Sibert, J. Pharmacol., 80, 31 (1944). 

* Rose, Welles, Fink, and Chen, J. Pharmacol., 89, 109 (1946). 
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NITRO COMPOUNDS 

Organic compounds in which a hydrogen atom is replaced by the group 
_N^, also written —N<^, are called nitrd derivatives. Examples 

of this class of compounds are nitromethane, CH ^ N \ Q ’ mtroben 

/> 

C'H^Xq’ etc ' 

These compounds Ml1 not befmm 

"SKfcSS?- - -— ° f 

8,1 These compounds should also be distinguished from the esters of citric acid, e.g., 
glyceryl trinitrate which mistakenly has been called nitroglycerin. 

The aliphatic nitro hydrocarbons, more commonly known as the 
nil paraffins, are prepared by different methods than the aromat c 
nitro hydrocarbons, and they also possess different properties; hence it 
U always necessary to make a distinction between the n.tro paraffins and 

th The synthesis of the nitro hydrocarbons may be summarized: 

A ‘ r mTwStan of an alkyl halide, preferably the alkyl wdide, with sUver 
' nitrite. Two products are obtained, the nitro paraffin and the alkyl 
nitrite; the formation of the ester is easily comprehended, following the 
regular reaction for the formation of esters. 

R _I + Ag—0—N=0—► R—0—N=0 + Agl 

The formation of the nitro paraffin has been explained by two mechanisms: 
(a) A reaction of the alkyl iodide with a tautomeric form of sUver nitrite: 


R-I + Ag-N 




R-NO, + Agl 


(6) An addition of the alkyl iodide to the silver nitrite foUowed by the 
elimination of silver iodide: 


R-I + Ag—0 N=0 


R 

|_Ag—0—N=0_ I 


R—N0 2 + Agl 
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2. The reaction of alkali nitrite and the sodium salt of an a-halogen acid: 


R—CHX—COONa + NaONO 


heat 


R—C—COONa R—CH 2 N0 2 + C0 2 

N—>• O 


I 

ONa 


The formation of nitromethane from chloroacetic acid by this procedure 
takes place with yields of 20-40 per cent; the yields of higher homologs 
become increasingly less as the size of the alkyl group becomes larger. 

3. The vapor phase nitration of paraffin hydrocarbons: 

R—H + HO—NOj —► R—N0 2 + HOH 


Nitromethane, nitroethane, 1-nitropropane, 2-nitropropane, etc., are now 
made commercially by this process. 

The importance of this method may be seen by comparing the prices of 
the nitro paraffins previous to its development and at present. Nitro 
ethane, for example, was quoted at $150.00 per kilogram; it may now be 
obtained in carload quantities at less than 25 cents per pound. When a 
new chemical, or type of chemical, becomes available at low cost, it is to 
be expected that uses will be found for it, either directly or as an inter¬ 
mediate, in medicinal and pharmaceutical chemistry. 

B. Nitro aromatic hydrocarbons are compounds, as an almost general and 
exclusive rule, prepared by the direct nitration of the aromatic hydrocarbon 
or substituted hydrocarbon. For example, benzene acts directly with nitric 
acid to form nitrobenzene: 

C«H 6 + HO—NO*—► CiHi—NO* + HOH 

Substituted benzene or naphthalene may also be nitrated; the conditions of 
the reaction must always be governed by the nature of the substituent. 
The position taken by the entering nitro group is determined by the nature of 
the substituent already present. 

One property possessed in common by both the nitro paraffins and the 
nitro aromatics is their explosibility; this is especially true for the poly¬ 
nitrated compounds. Thus trinitrotoluene, the TNT of war fame, and 
picric acid have long been known for this characteristic. The polynitro 
paraffins may be equally adaptable for explosive purposes. The other 
chemical properties will be taken up separately for the aliphatic and the 
aromatic series. 

A. Properties of the nitro paraffins: 

1. They may be reduced to form the corresponding amines. 

2. They dissolve in alkaline solution with the formation of salts; the nitro 
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paraffins, if the nitro group is attached to a carbon having a hydrogen 
atom, may act in tautomeric form: 


R 


*Nch- 


\ 


R 


/ 


NO* 


Ri 


=N 


O 


Nitro-form 


OH 

Aci-form 


The aci-form acts as an acid, and the salt has the structure E a =C- 

3 . InthepnMnce of dUute alkali, the nitro paraffins react with the aldehydic 
(not so well with the ketonic) carbonyl group to form nitro alkanols: 

R—CHO + R'CH*—NO* —► R—CH—OH 

I 

R'-CH—NO* 

The nitro alkanol may react with more aldehyde to form the nitro alkane- 
diol, 

R—CHO + R'—CHOH-CH—R —► R'—CH—OH 

I I 

NO* R—C—NO* 

I 

R—CH—OH 


If the nitro paraffin is nitromethane, the condensation may continue to 
form the nitro alkanetriol. 

B. Chemical properties of the aromatic nitro group: 

1. The reduction of the aromatic nitro group is governed by the conditions 
of the reaction. 

(а) Reduction of nitrobenzene in neutral or slightly acid environment 
takes the course: 

/ H 

C«H 5 NOj —► C t H s —N=0 —*• C,H 5 -N(^ —► C 8 H 5 NH 2 

Nitrobenzene Nitrosobenxene Phenylbydroxylamino Aniline 

Nitrosobenzene may be prepared best from nitrobenzene by elec¬ 
trolytic reduction. 

Phenylhydroxylamine, sensitive to strong acid and strong alkali, is best prepared 
in a neutral or weakly acid medium; e.g., ammonium chloride and zinc dust reduce 
nitrobenzene to phenylhydroxylamine; also alcoholic ammonium sulfide will reduce 
the nitro compound to the hydroxylamine. 

(б) In an alkaline medium the reduction proceeds to the nitroso- and the 
hydroxylamine stage, and these react to form the azoxy compound 
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which may then be reduced through successive stages to azobenzene, 
hydrazobenzene and aniline: 


H • O 

I t 

CoEU—N=0—► HO—N—CftH*—► C ft H 6 —N=N—C 6 H S 

Nitroso- Phenylhydroxyl- Azoxybenzcno 

benzene amine 


CeH, 


N : N—CeHs 



Azobenzene 


C s Hs—NH—NH—C.H*—2*- 2 C»H 6 —NHi 

Hydrazobenzene, Anilino 

symmetrical di- 

phenylhydrazine 


Azoxybenzene may be obtained by reducing nitrobenzene with potassium hydrox¬ 
ide and methanol. Azobenzene is obtained when nitrobenzene is reduced with 
stannous chloride and potassium hydroxide. Zinc dust and alcoholic potassium 
hydroxide reduce nitrobenzene to hydrazobenzene. 

2. The aromatic nitro group does not function in the aci-form except in con¬ 
junction with the o- and p-phenolic hydroxyl group (see Nitrophenols, 
page 441). 

The mononitro paraffins are irritating and toxic, the effects increasing 
with the size of the molecule. Concentrations in the atmosphere of 
0.05 per cent of nitromethane were tolerated by monkeys; 0.10 per 
cent proved dangerous. Nitroethane administered to rabbits was only 
partially excreted by the lungs, and much of it was destroyed in the 
tissues. 1 

Aromatic nitro compounds depress life processes and produce hemor¬ 
rhage in the alimentary canal; death is caused by respiratory paralysis. 
Nitro compounds are of no direct or particular interest in pharmaceutical 
chemistry; they are, however, of great value in the chemical industry, 
being used to a large extent as intermediates. 

Nitrobenzene (Oil of Mirbane), CcH*—N0 2 , like aniline, is highly 
toxic. It has no usage in medicines, but it is important from a toxico¬ 
logical standpoint and as a hazardous industrial poison. It has been 
used in shoe polishes (but is now forbidden because of its toxic effects), 
and sometimes as a perfume in soaps. 

Chloropicrin (Trichloronitromethane, Nitrochloroform), ChC—N0 2 , 
is obtained when many hydrocarbons are treated simultaneously with 
nitric acid and a chlorinating agent, e.g., chlorinated lime. It may be 
readily prepared by treating chloroform with concentrated nitric 

acid: 

C1 3 CH + HO—NO 2 —> HOH + C1 3 C—NO 2 

1 Machle, Scott, and Treon, J. Ind. Hyg. Toxicol., 22, 315 (1940); 24, 5 (1942); 
C.A ., 35, 805 (1941); 36, 2021 (1942). 
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This compound, .. .gen. need in tajd 
is a heavy liquid, boiling at 112°, but w.th a relativelyh.gh vapp 
sure; its odor is described as that of flypaper or It P«>duc«s 

severe coughing, lachrymation, and vomiting; a concentrate of 
part per million causes a copious flow of tears. 


Nitro phenols 

The nitro phenols are readily prepared by the direct nitration of the 

phenols. The introduction of the nitro group into phenols does not 
reduce their antiseptic activity. 

Nitrobenzene cannot exist in the aci-form, for reasons already ™®, 
tinned, but o- and p-nitrophenol may exist in two forms, the phenol 

form and the aci-quinone form: 



Because it is capable of forming the quinonoid, chromophoric arrangement nitro 
phenol may be employed as an indicator in acid-base titrations. 

The mononitro phenols are toxic, causing stimulation followed by 
depression of the central nervous system and the formation of methe- 
moglobin. The para compound is reported to be the most ana the 
ortho isomer the least toxic. The dinitro phenols also are toxic; they 
accelerate oxygen metabolism and cause an increase in body tempera¬ 
ture. They may cause many other toxic effects, e.g., cataract formation, 
liver and kidney injury, agranulocytosis, and dermatitis. The 2,4-, 
2 5- and 2,6-dinitrophenols are reported to be more toxic than the 2,3-, 
34-, and 3,5-isomers. It seems that the hyperthermic activity is depend¬ 
ent on at least one nitro group being para to the hydroxyl and that 
methemoglobin formation is augmented by the ortho and meta isomers; 
e g , 2 , 4 -dinitrophenol is an active hyperthermic agent but causes little 
methemoglobinemia, but the less toxic 2,3- and 3 , 6 -dinitrophenols cause 
hemoglobinemia and are relatively inactive as hyperthermic agents. 
The toxicity of tri- and higher polynitro phenols is less than that of the 
dinitro phenols. Alkylation, as in the nitro cresols, yields compounds 
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that have qualitative and quantitative activities like those of the dini- 
tro phenols, but the toxicity is decreased. 


Dinitrophenol (2,4-Dinitrophenol) exerts a remarkable stimulating 
effect on fat metabolism, and the metabolism is sufficient to produce 
hyperthermia. 


2,4-Dinitrophenol has been tried extensively for the clinical reduction of obesity; 
it is very effective. Unfortunately, its action is not always reliable and toxic mani¬ 
festations, frequently with fatal results, appear unexpectedly. Occasionally also it 
has been reported to give rise to the growth of cataract in the eyes. 


Trinitrophenol, N.F. (Picric Acid, 2,4,6-Trinitrophenol) is used as 
an antiseptic in the treatment of burns and exudative wounds. Its 
coagulant action on the tissues serves to develop a natural protective 
covering of the wound under which the normal healing processes may be 
carried out. It is usually applied in a 1 per cent solution. A 5 per cent 
solution is sometimes used in the treatment of certain types of eczema. 

Picric acid, being a polynitrated compound, is an explosive. Although it is not 
used as a dye, it colors wool and silk. 

Because of the heavy negative substitution, 2,4,6-trinitrophenol is quite strongly 
acidic. It is an excellent example of a noncarboxylic acid. The ionization constants 
for the nitro phenols are given in Table 47. 


TABLE 47 


Ionization Constants for Nitrophenols 


Phenol 

Phenol .... 
m-Nitrophenol 
o-Nitrophenol . 
p-Nitrophenol 
2,4-Dinitrophenol 
2,4,6-Trinitrophenol 
Acetic acid . 


Ionization Constant 
. 1.1 X io-“ 

. 1.0 X 10" 1 

. 7.5 X 10“* 

. 9.6 X 10-* 


1.6 X 10“ l 
1.86 X 10-* 


Silver Picrate, N.N.R. (Silver Trinitrophenoxide), combines the anti¬ 
septic activity of silver with that of picric acid. It is used to treat 
urethritis, vaginitis caused by Trichomonas vaginalis, etc. It may be 
administered as a dusting powder containing 1 per cent silver picrate 
with sterile talc, or in the form of suppositories. 


0—Ag-HjO 


0,N 



NO, 
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120 

220 

350 

4100 

1000 

600 

2000 


If the hydroxy, group of picric acid ia *-**£^££5 atjTr 
picramide. - 

Nitro derivatives of aminophenols and aminophenolic ethers are of 
interLt because of their sweet taste. Compared to sucrose as 1, the 
sweetening powers reported are: 

l-hydroxy-2-amino-4-nitrobenzene 
1 -methoxy-2-amino-4-nitro benzene 
l-ethoxy-2-amino-4-nitrobenzene 
l-n-propoxy-2-amino-4-nitro benzene 
1 -n-butoxy-2-amino-4-nit roben zene 
l-isopropoxy-2-amino-4-nitrobenzenp 
l-allyloxy-2-araino-4-nitrobenzene 
These compounds possess a purely sweet taste with no secondary or after 
effects such as are associated with other sweetening agents; recently, 
however, it is reported that the n-propoxy compound has pronounced 
anesthetic effects on the tongue. 1 The n-propoxy homolog, the most 
active of the series is readily obtained as orange crystals; it has low 
solubility, 136 mg. per liter, yet a saturated solution is equivalent in 

sweetness to 50 per cent sucrose.’ . , , . . . 

The ethers of the isomeric 2-nitro-4-aminophenols are tasteless. 

Dinitro-o-cresol, used as its sodium salt under the name of S inox, is 
toxic to broad-leaved weeds. By its use the yield of flax per acre has 
been more than doubled.' 

Chloramphenicol (Chloromycetin) has been established, both by 
degradation and synthesis, as D (- )-<Areo-l-p-nitrophenyl-2-dichloro- 
acetamidopropane-1,3-diol. It is the first natural compound containing 
a nitro group to be isolated. 

q,N_< / CHOH—CH-CHjOH 

NH—COCHClj 

Chloramphenicol 
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CHAPTER X 


SULFUR COMPOUNDS 

The element sulfur tuples . position Z‘“m” 

SsES* 2- - 

SU , “T j s r _§—H These compounds may be cons.dered as 

SrVr™ »i.h =». H replied by -ML . The nomeuelrdure .nd 
the physical properties of the thiols are shown in Table 48. 

TART.F, 48 


Mercaptans 




Melting 

Boiling , 

Specific 

Formula 

Name 

Point 

°C. 

Point . 
°C. 

gravity 

CHr-SH 

CHjCHj—SH 

Methyl mercaptan, methanethiol 
Ethyl mercaptan, ethanethiol 

-121 

-121 

-111.5 

7.6 

34.7 

68 

0.868 

0.840 

CH.CH,CHr-SH 

Propyl mercaptan, 


1 -propane thiol 


60 


CHr-CH-CH, 

Isopropyl mercaptan, 2-propane- 



1 

thiol 




SH 

CHiCHiCHjCHi SH 

Butyl mercaptan, 

-74 

98 

0.836 

1 -butanethiol 

-79 

88 

85 

0.836 

0.830 

(CHi)iCHCHi—SH 

CH iCH iCH—SH 

Isobutyl mercaptan, 2-methyl- 
1 -propanethiol 

sec-Butyl mercaptan, 1-methyl- 

1 

1 -propanethiol 




CH, 



67 

0.848 

(CH,),C—SH 

CH,(CH,),CHr-SH 

ferf-Butyl mercaptan 

Amyl mercaptan, 1 -pentanethiol 

i i 

VII 

126 

129.5 

0.857 

0.835 

(CH,),CHCH,CH, 

Isoamyl mercaptan, 3-metnyi- 
1 -butanethiol 


SH 





CtH^ 

terl -Amyl mercaptan, 2 -methyl- 

— 

118 

0.848 

CHr-C-SH 

ch/ 

2 -butanethiol 
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MERCAPTANS 

The mercaptans, or thiols, may be synthesized by reacting an alkyl 
halide with metallic hydrosulfides: 

RX + KSH —>■ R—SH + KX 

Compare this synthesis with the analogous synthesis of alcohols by 
reacting alkyl halides with metallic hydroxides, page 62. A second 
method of synthesis depends on the reduction of sulfonic acids, prefer¬ 
ably their acid chlorides: 

R—S0 2 —Cl R—SH + 2 HOH + HC1 

This method is analogous to but more difficult than the reduction of 
carboxylic acids to the corresponding alcohols, page 64. As the mono¬ 
alkyl derivatives of hydrogen sulfide the mercaptans behave as weak 
acids and will dissolve in alkaline solutions. The salts formed with the 
heavy metals are insoluble. The tendency to unite with mercuric ions 
gives this class of compounds its name, which is derived from mercurium 
captans. 

The mercaptans possess a disagreeable odor. The secretion of skunks 
has yielded n-butyl mercaptan, butenyl mercaptan, and dibutenyl 
sulfide, (C4H7)2S. It is possible to detect the odor of 2 X 10 “ 12 g. of 
CH3CH2SH. 

THIOPHENOLS 

The thiophenols, Ar—S—H, may be prepared by the methods: 

Zd + UaSO« 

1. By the reduction of arylsulfonyl chlorides: ArS0 2 Cl + —► Ar—SH 

2. By treating phenol with phosphorus pentasulfide: Ar—OH —> Ar—SH 

3. By treating the diazonium salts with alkali sulfide or xanthogenate: 

(а) 2ArN 2 Cl + Na 2 S 2 —► 2NaCl + 2N 2 + Ar—S-S—Ar 2ArSH 

(б) ArN 2 Cl + KS—CS—OEt —> ArN 2 S—CS OEt + KC1 

KOH ^ 

Ar—SK + CSO + EtOH Ar—S—CS—OEt 

The alkyl- and arylsulfides are easily oxidized, the first product often 
being the disulfide. 

THIOETHERS 

The thioethers, organic sulfides, like their oxygen analogs, may exist 
as simple or mixed ethers. They may be prepared by a Williamson 
type of synthesis: 

R—X + R'SK —>- R—S—R' + KX 
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By the thermal decomposition of the lead salts of the mercaptans: 

r —S—Pb—S—R —R—S—R + PbS 
Mercury salts of the mercaptans under similar conditions produce disul- 

fides : r —S— Hg —S—R -53- r-s-s-r + 

The properties of the lower sulfides are summarized in Table 49. 


TABLE 49 
Some Sulfides 


Structure Name ~20/4' 

“iTm'r ^ SI 0 837 

(CHiCHOtS Ethyl sulfide 93 _ o.814 

(n-CiHi)jS n-Propyl sulfide HI 

(i-CiHi)iS IS ° pr .T 82 -79.7 0.839 16/0 

LrH.^S n-Butyl sulfide „ 7 

ChAs—C a H» Mcthylethyl sulfide 67 104. • ___ 

CHsCH*—S Ethylpropyl sulfide 116 

I 

CH» CHt CHa __ 

Divinyl sulfide, (CH,=CH),S, b.p. 101°, is the chief constituent of 

C.CH f H^-S-CHsCH^ is thjvesi- 

cant war gas known as « yellow cross ” or ' mustard gas, b.p. 215 . 
is synthesized from ethylene and sulfur chloride. 

2CHj=CHj + Cl—S,—Cl —► CICHjCH, S CH,CH,Cl + S 

A comparison of the vesicant properties of the halogenated derivatives 
of diethyl sulfide reveals the following:' 


Boiling 

Point 

°C. 

37.5 

93 

141 

120 

182 

67 

116 


Melting 

Point 

°C. 


Specific 

Gravity 

20/4 


-83.2 0.846 

-99.5 0.837 

— 0.814 

-79.7 0.839 16/0 

-104.8 0.837 


CH,CH,—S—CH,CH, 

CH 3 —CHC1—S—CHC1 CH, 
CH 3 —CH 2 —S—CH, CH,C1 

CH,C1—CH,—S—CH,—CH,C1 
CH 2 CI—CH,—S—CHCl—CH,C1 

CH,C1—CH,—S—CC1, CH,C1 
CH,C1—CH,—S—CC1, CHC1, 


inactive 

inactive 

active 

“ mustard,” most active 
weakly active 
weakly active 
weakly active 


To shed light on the possible modes of action of mustard gas on the 
S reacti™ have bee. instigated. If react,™, »“> 

1 Mameli, Boll. chim. farm., 68, 587 (1929). 
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water are summarized as follows: 

^/CHiCHjCl 


S(CH,CH,Cl)j 


HOH 


HOH 


1 


(thiodiglycol) 


CH*CH,OH 

j( thiodiglycol) 


✓ 

\ 


,CH,CHiOH 




CH*CH,OH 

Thiodiglycol 


K 


,CH,CH,S(CH,CH,OH), x .CH,CH£(CH,CH,OH), 


CHjCHiCl 




CH.CH.OH 


1 


(thiodiglycol) 


S[CHiCH*S(CH*CH,OH) J; 




The disulfonium salt S[CH 2 CH 2 S(CH 2 CH 2 OH) 2 ] 2 is of considerable 
interest because of its toxicity. The LD*o for mice is 50 to 100 mg. 
per kg.; at doses above 250 mg. per kg., death occurs rapidly with 
flaccid paralysis and respiratory failure. With cysteine the compound 
reacts according to the equation: 

S[CH 2 CH 2 S(CH 2 CH 2 OH) 2 ] 2 + 2HSCH 2 CH(NH 2 )COOH —> 

S(CH 2 CH2SCH 2 CHNH 2 COOH) 2 + 2S(CH 2 CH 2 OH) 2 


Although there is no evidence for the formation of the sulfonium com¬ 
pounds indicated in vivo, such formations may play a part in the over-all 
toxicity of mustard gas. 1 

Mustard gas shaken with carboxylic acids forms diesters of thiodi¬ 
glycol. 2 With methionine a sulfonium compound of structure S(CHr- 

CH 2 SCH 2 CH 2 CHNH 2 COOH), is formed; with proteins the reaction 
CH 3 

may be more complex. 1 * 4 

Applied to pigskin much of the mustard compound cannot be re¬ 
covered ; the fixed sulfur is attached to insoluble proteins. Horse serum 
treated with mustard gas becomes more basic; since potentiometric 
titration shows that the decrease in acidity parallels the increase in the 
sulfur content of the protein, denaturation is explained by esterification 
of the free carboxyl groups. Hemoglobin, known to contain large 
amounts of histidine, is presumed to react through the imidazole nucleus 


1 Stein, Moore, and Bergmann, J. Org. Chem., 11, 664 (1946). 

1 Moore, Stein, and Fruton, J. Org. Chem., 11, 675 (1946). 

1 Stein and Moore, J. Org. Chem., 11, 681 (1946). c 

4 Wood, Rachele. Stevens, Carpenter, and du Vigneaud, J. Am. them, ^oc., /u, 

2547 (1948). 
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to form quaternary ammonium ions such as' 

/■rr 


■a. mustard g«*» ow, th* mstmty to «» tcm.ti.n of — 

ch 2 

RSCHjCHiCI —*• R-S\ | • 01 


pounds. 2 irmuninc is of vital biological significance. 

^jsx’^sjss * —* - 

elemental importance in biochemistry. 

2HSCH*-CH-C00H-^ S-CH.-CH-COOH 

Hl ' NHi 


NHj 


Cysteine 


S—CHi—CH—COOH 

I 

NHj 

Cystine 


i Davis and Ross, J. Am. CA*m. So^, 69 im (1947). 
Proc. Roy. Soc. N. S. Wales. 68, ll-3o (1934). 
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Advantage is taken of this oxidation-reduction system in the use of 
sodium thioglycolate, HSCH*COONa, as a reducing agent in hair 
waving . 1 

In the moth-proofing of wool the —S—S— linkage in the fiber is reduced; the 
union is reformed but through a hydrocarbon, e.g.: 

CH r—S-S—CH, 

NH CH—CO(NHCHRCO),—NH—CH—CO -%• 


CHtSH HSCH, 

—NH-CH-CO(NHCHRCO),.-NH-CH-CO XC ^ aX 


CHr—S—CHr—CH,- 

I 

—NH—CH—CO(NHCHRCO)* 


S-CH t 

—N H—CH—CO— 


The hydrolysis of the peptide linkages will yield not cystine but an unnatural 
sulfur acid. 


Compounds containing the sulfhydryl group inactivate many anti¬ 
biotics. Thioglycolic acid, cysteine, ethanthiol, and thiosulfate inhibit 
or suppress the antifungal activity of menadione. 2 It is suggested that 
many antibiotics depend on their ability to combine with essential—SH 
groups in bacterial metabolism for their fundamental mode of action. 
A type reaction is that of cysteine with angelica lactone, for which one 
of two possible mechanisms is postulated : a 

A CH*—CH* 

CH 2 —CH + HSCH 2 CH-COOH (Pnlemd) CO C—SCH 2 CH—COOH 

I II I \ / \ I 

CO C—CH 3 NH 2 O CHj nh 2 

\ / 

o 

n CH 2 -CH 2 


CO C—CHs 

I II 

NH O 


HSCH*—CH—COOH 

1 Reed, Tennenbaum, and Den Best*, U. S. pat. 2,405,166; C.A.,40, 6225 (1946). 
* Colwell and McCall, J. Bad., 51, 659 (1946); C.A., 40, 5800 (1946). 

*Cavallito and Haskell, J. Am. Chem. Soc., 67, 1991 (1945). 
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A further study shows that, whatever the mechanism, many thuds react 
with and inactivate many “^‘“nalogous addition is pos- 

£SW 1“ St- a •» *PP“ f* " * 

"V ^A. i. known „ Frep*- 

T d b ' ““S'" The ^ «*“■"* 

ZnU S *» Mrosen peroxide, hypoiodite., or even .tmoephene 

owg », „ —-j»£"“ R ^_ R+ „oH 

fc ss^rr»r^3s=sss» 

Mercians are oxidized by more vigorous reagents to sulfonic acids: 

o 

R—S—H R-S-OH 

\ 

0 

Thioethers under similar conditions are oxidized first to sulfoxides 
which may be further oxidized to sulfones: 




* Cavallito, J. Bid. Chem., 164, 29 1 (1946); C.A., 41, 94 (1947). 

* Geiger, Arch. Biochem., 11, 23 < 19 46). 

1 Hoffman-OstcrhofT Science, 105,,549 (1947). 

4 Hastings and Shimkm, Science , 103, 639 (1946). 



452 


SULFUR COMPOUNDS 


SULFONES 

Thioalcohols react with the aldehydic or ketonic carbonyl group to 
form the thio-analogs of acetals, which are known as mercaptals. 

R R S—R" 

I \ / 

C =0 + 2 R"SH —► HOH + C 

I / \ 

R' R' S—R" 

Mercaptal 

The thioethers may be oxidized to the disulfone compounds: 



Several members of the disulfone series possess hypnotic properties; 
especially notable are: 


CHj SOa—CjHt 

\ / 

C 

/ \ 

CHs SO*—C a Hs 

Sulfonal 


CsHs SOi—C jHi 

\ / 

C 

/ \ 

CEz SO*—C2H6 

Trional 


CaHs S 0 2 — C 2 H 6 

\ / 

C 

/ \ 

C2H5 SO2—C2H5 

Totrorud 


These compounds were introduced as therapeutic agents by Bauman 
and Kast in 1888. For many years they were the most frequently used 
hypnotics but they have been almost completely replaced by more effi¬ 
cient products, e.g., the barbiturates. The only ones still used to an 
appreciable extent are sulfonal and trional. 

Sulfonmethane, N.F. (Sulfonal, Diethylsulfon-dimethylmethane), is 
a white, crystalline powder, m.p. 124-126°, soluble in water 1:365 and 
soluble in alcohol 1:60. Its uses are similar to those of sulfonethyl- 


methane- 

Sulfonethylmethane, N.F. (Trional, Diethylsulfon-methylethyl- 
methane), consists of colorless crystals, soluble in water 1:200 and sol¬ 
uble in alcohol, m.p. 75°; it is employed as an hypnotic and antispas- 
modic. It is not certain in its action and is of little value in insomnia 
accompanied by pain. It is reported to be habit forming. The margin 
of safety between the effective and the toxic dose is not large. Toxic 
symptoms are manifested by the appearance of hematoporphyrin in the 
urine. It is usually administered with large quantities of warm liquids. 

The activity of the compounds of the disulfone series increases as the 
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nu „b,r „f ethyl sroup. in«. W™* f ”“ » thyl gr °“ P ’' ” 

more active and more toxic than tnonaL rj^OH—CHjSH, as a 

CH,OH is a good example of the ability of the S group 

Sfy meta^much like hydrogen sulfide. It was^ddunn^the 

war as a protective agent agamst arsemca gases. h heavy . meta l 

fhinarsenites which tend to remove the arsenic from the tissue 

ar.-s zzuszz 

ini ?he°iglycoside of dithioglycerol is, perhaps, somewhat less toxic and 

may be administered intravenously . 1 , . > D -,or- h r> is a 

Thiobismol (Sodium Bismuth Thioglycolate), B. ( SCjR ’°^ a)l ’ is 
water-soluble bismuth compound. It is used as an ant.luet.c in the 
treatment of syphilis, being administered by intramuscular mject.o 
of a sterile aqueous solution. 

justify clinical examination or medicinal use. 


THIOALDEHYDES AND THIOKETONES 

The thioaldehydes, RCH=S, and the thioketones, R « C= f' Ca ' 1 ^ 
thials and thiones, respectively, in the Geneva system, are uMtaUeand 
have a tendency to polymerize, forming cyclic polymers of the general 

structure, 


v 

S—C-S 

I I 

>c—s—c< 


Thiopropionaldehyde, CH 3 CH 2 CHS, or 
in the volatile fraction from the onion, 


perhaps a derivative, appears 
and it is probably the active 


1 Danieili el al., Ncdure, 157, 217 (1946). 
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agent responsible for the legendary medicinal virtues of this vegetable . 1 

THIOACIDS 

The thioacids may be of several types. The possibilities are: 


SH 

s 

SH 

/ 


/ 

l—C 

R—C 

R—C 

X 

\ 

\ 

0 

OH 

S 

Thiol acid 

Thion acid 

Dithio or 
thiolthionic acid 


It is doubtful that acids of the thion type exist free; they spontaneously 
tautomerize into the thiol type; however, derivatives of the thion acids 
are known. The thiol acids, which may be looked upon as mixed 
anhydrides of aliphatic acids and hydrogen sulfide, possess a disagree¬ 
able odor. They may be employed as acylating agents. They react 
with water to form the acid and hydrogen sulfide. 

The thioacids may be prepared by the following reactions: 

(а) Acid chloride and alkali hydrogen sulfide, 

R—CO—Cl + KSH —► R—CO—SH + KC1 

( б ) By allowing the acid to react with phosphorus pentasulfide, 

5R—COOH + P 2 S s —> 5R—CO—SH + P 2 0 6 

Carbon Disulfide, S=C=S, b.p. 46°, which is the sulfur analog of 
carbon dioxide, is widely used as a solvent in the chemical industry and 
at times as an intermediate. It is prepared by passing the vapors of 
sulfur over hot coke. It is used in veterinary medicine, being admin¬ 
istered in large gelatin capsules, to remove bots (Gastrophilus larvae) 
from horses. Should a capsule become broken during administration, 
the carbon disulfide irritates the respiratory passages and often causes 
pneumonia. 

Carbon disulfide reacts with alcohols in the presence of alkali accord¬ 
ing to the equation: 

S 

R—OK + S=C=S —► R—O—C 

\ 

SK 

The compounds of general formula R—O—CS—SK are known as potas¬ 
sium xanthates, the acids R—O—CS—SH being known as xanthic acids. 

1 Kohman, Science , 106, 625 (1947). 
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—C.H.O.—OH + —CJI.O.—ON. 


s-c=s 


—C.H.O.—O—C—SNa 


—unjv«—' - , 

z as. 

fiber . Treatment of the fiber with the ac.d fenta fi Y bcr comrao nly 

itfu ,o,s ... -—» 

formed, the product is known as cellophane. 

THIOUREA DERIVATIVES 

Thiourea. NH S —CS—NH., is the sulfur analog of urea. It may be 

prepared by the fusion of ammonium thiocyanate in a manney.m , l 
L t he formation of urea from ammon.um cyanate. In many oi 
chemfcalproperties, it behaves like urea. Thiourea is used to protect 

P rov °k e ®*“ ^^tetess^'Kds 

cent of people'a disagreeably bitter taste; some find it tasteless. J 
peculiar property has made the compound valuable in tracing the here y 

d SSSiSSLm. ANTU, C 1 .H 7 NH CS NHj, is finding con- 

8 < S-Meavl-iso-adourca, C NH :C-S-CH„ injected into experimental 
animals, elevates the blood pressure, stimulates resp.rat.on and slows 
the heart rate . 2 The S-ethyl and S-isopropyl homologs exhibit s milar 
properties. They act by contraction of the blood vessd. All the 
S-alkyl-iso-thioureas potentiate the pressor action of epinephrine. 

THIOCYANATES AND ISOTHIOCYANATES 

Thiocyanic Acid and Isothiocyanic Acid, H—S—CNandH—N=C=S, 
are important because derivatives of isothiocyanic acid are 1 found to 
some extent in nature. Thus allyl isothiocyanate, CH*-CH CHj- 
N= C=S is the chief constituent of oil of mustard obtained from the 
seed of black mustard. From this the class name mustard oils has been 

applied to the esters of isothiocyanic acid. L , , , . . 

P Allyl Isothiocyanate, U.S.P., is also obtained by the hydrolysis of 

sinigrin, a glucoside found in mustard seed. 

1 Beadle, Chem. Eng. News, 24, 1366 (1946). 

gSfcSd aSt/! fS&M. 379 (1943). Pastier, Nature, 154,429 (1944). 
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HOH 

CH 2 =CHCH 2 —N=C—S—CcHnOs —► CH 2 =CHCH 2 —N=C=S 

I 

O + 

I 

S0 3 K C 6 Hi 2 0 6 + KHSO 4 

Another interesting natural isothiocyanate is cheirolin, CH 3 —S0 2 — 
CH 2 CH 2 CH 2 —N=C=S, a substance obtained in the form of an aglycon 
from the seeds of the wallflower. 

Potassium Thiocyanate, N.F. (Potassium Sulfocyanate), KSCN, is 
used to relieve high blood pressure. It is usually administered in 
the form of enteric coated tablets, the dosage being governed by 
the concentration of thiocyanate, which is determined colorimetrically, 
in the blood. 

SULFONIC ACIDS 

O 

T 

Compounds that have the general structure R—S—OH are known 

i 

O ' 

as sulfonic acids. Structurally they may be looked upon as hydrocar¬ 
bons in which a hydrogen atom is replaced by the sulfonic acid group, 
—SO 3 H, or as sulfuric acid in which one hydroxyl group is replaced by 
a hydrocarbon residue. As derivatives of sulfuric acid, these compounds 
are quite strongly acid. 

A number of sulfonated esters and products derived from them are 
used commercially as wetting, emulsifying, and detergent agents. Com¬ 
pounds having the general structure R—O—CO—CH 2 include: 

R—O—CO—CH—S0 3 Na 

Dibutyl sodium sulfosuccinate (Aerosol IB) 

Diamyl sodium sulfosuccinate (Aerosol AY) 

Dihexyl sodium sulfosuccinate (Aerosol MA) 

Dioctyl sodium sulfosuccinate (Aerosol OT) 

Preparation 

The various methods of synthesis may be summarized: 

1. The direct sulfonation of aliphatic hydrocarbons with sulfuric acid. It 
proceeds only to a slight extent or not at all. 

2. The oxidation of the mercaptans (see page 452). 

3. The reaction of alkali sulfite with an alkyl halide; this reaction may be 
considered as following either or both of the courses: 
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.OR 

(a) NaaSOj + 2RI °‘"\ )R + ^ 


/OR 

o-s^ 

X 0R 


0 

T 

R—S—OR 

i 

o 


° T 

( 6 ) NaO—S—Na R—S—OR + 2NaI 

O 0 

The aromatic sulfonic acids are of considerable importance, both‘ “ 
such and because they are intermediates, especially in the synthesis 
of dyes and phenols. They are prepared by either of two methods. 

1 . Direct sulfonation. An aromatic hydrocarbon heated with sulfuric acid 
forms the sulfonic acid, with the elimination of water: 

Ar—H + HO—SO>H —*- Ar—SO a H + HOH 
This method is widely used and is applicable to a variety of compounds, includ¬ 
ing variously substituted aromatic hydrocarbons. 

2. The reaction of aromatic diazonium salt with sulfites: 

Ar _N 2 —X + Na 2 S0 3 —> Ar—S0 3 Na + N 2 + NaX 

This procedure is much more expensive and it is used only under special 
conditions, that is, when direct sulfonation will not apply. 

Properties 

The sulfonic acid group, —SO*H, confers acidic properties. It is also 
a solubilizing group, making the molecule in which it is substituted more 
soluble in water. Physiologically it seems to decrease the toxicity ol 
the molecule. The chemical properties may be summarized: 

1 . The reaction with phosphorus pentachloride to form sulfonyl chlorides. 

Ar—SO 3 H + PCU —> Ar—SO 2 —Cl + POCl 3 + HC1 

2. Reduction of the sulfonic acids using the acid chlorides, treated with 
zinc and water forms first the sulfinic acid: 

O O 

^ ~ Zn + HOH J /^TT 

Ar—S—OH —>- Ar 0 On 


0 

Sulfonic acid 


Sulficic add 



458 


SULFUR COMPOUNDS 


Further reduction forms the mercaptan: 


Ar—SO-OH —► Ar-S—H 


The formation of the mercaptan from the sulfonic acid, as well as the oxidation of 
the mercaptan to the sulfonic acid, is proof that in these compounds the sulfur atom 
is directly linked to the carbon atom. 

3. Fusion of the aromatic sulfonic acids with alkali removes the sulfonic acid 
group, replacing it with an hydroxyl group. 

Zinc Phenolsulfonate, N.F. (Zinc Sulfocarbolate), (C«H 4 —OH—SO a , 

1:4) 2 Zn, is an efflorescent crystalline compound, soluble in water about 
1:1-6 and in alcohol about 1:1.8. It is used as an astringent antiseptic 
internally and externally. 

Ichthammol, N.F. (Ammonium Ichthosulfonate, Hirathiol, Ichthy- 
nate, Ichthyol, Isarol), is a mixture of sulfides, sulfones, and sulfonates 
obtained from bituminous shales. It has a high sulfur content, the 
sulfur compounds occurring as “ sulfoichthiolic acids ” which are 
neutralized with ammonia. It is a brownish-black, thick fluid, soluble 
in water and in glycerin and miscible with fats. It is an emollient and 
demulcent with some antiseptic value used as such or in combination 
with other antiseptics for the treatment of various skin disorders, such 
as psoriasis, eczema, and erysipelas; it is also used to promote the 
healing of chronic ulcers and other inflammations. It is usually 
applied as the Ointment of Ichthammol , N.F. 

Potassium Guaiacol Sulfonate, N.F. (Thiocol), C 8 H 3 —OH—OCH 3 — 
S0 3 K, 1:2:6 , is a colorless, crystalline, practically neutral compound, 
soluble in water and slightly soluble in alcohol. It is employed as a 
sedative expectorant in the treatment of colds, coughs, and other in¬ 
flammatory conditions of the respiratory tract. It is reported to have 
advantages over guaiacol in that it is practically tasteless and nontoxic 
and is not a gastric irritant. It is administered in the form of tablets 
and as a syrup. 

Organic sulfonic acids or their derivatives that are of medicinal or 
pharmaceutical importance include chloramine-T and dichloramine-T. 

Their synthesis is indicated: 

HaSO. pcl __ 

CH 3 —CftHs —► p-CH 3 —CsH 4 —S0 2 —OH >■ p-CH 3 —C 6 H 4 —S0 2 C1 


NHi Cla /iv u 

—► p-CH 3 — C6H4 —S0 2 — NH 2 (NaG ^ 1( p-CH 3 — C*H 4 —S0 2 — 

I a, vJI 

y Chloramine-T 

p-CHy—C 6 H 4 — S0 2 — NC 1 2 

Dichloramine-T 
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These products were introduced by Dakin during World War I as wound 

of wounds and in about 0.1 per cent solutions for mucous membrane 

aP Dichloramine-T, N.F. (Dichloramine, p-Toluenesulfonedichloramide^ 

is a white or yellow, crystalline solid, slightly soluble m watw and alco¬ 
hol; the solutions gradually decompose w.th the liberation of chlorine. 
It is used as an antiseptic and disinfectant ike the inorganic hyp«Uo- 
rites, but it is more convenient to use and is less irritant. It is employe 
in 1 to 2 per cent solution in chlorinated paraffin for application to 
mucous surfaces and in about a 5 per cent solution for dressing wounds. 

Halazone, N.F., is prepared by oxidation of p-toluenesulfonamide, 
followed by treatment with hypochlorite; it may be looked upon as 
dichloramine-T with the methyl group oxidized to a carboxyl group, 
forming the dichloramide of p-sulfobenzoic acid. 


p-CHj—C*H«—SOj—NH 2 


COOH N . 0CI .COOH 
C.H< —► C,H< 


_NP.l. 


The sodium salt, soluble in water, is used to sterilize drinking water. 

Saccharin, U.S.P. (Gluside, Benzosulfimide), is the imide of o-sulfo- 
benzoic acid. It is about four hundred times sweeter than cane sugar. 
It is synthesized according to the reactions: 


CH 3 —CbH 5 4- HO—SO*—Cl —> o-C H* CeH* SO* Cl 

.COOH 

CHj—QH.—SO a —NHj C«h/ —*■ 

^SOjNHi 

CO CO 

Oh/ \-Na 

\ / \ / 

so* so 2 

Saccharin Soluble saccharin 


NHj 


In actual practice the o- and p-toluenesulfonyl chlorides are obtained simultane¬ 
ously. The o-isomer is converted into saccharin as indicated; the p-isomer is 
employed in the synthesis of the chloramines. 
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The structure of the saccharin molecule may not be modified exten¬ 
sively without the loss of its sweet taste. Almost any change other 
than the introduction of an amino or hydroxyl group into the 6 position 
causes loss of the sweet taste. 1 

Saccharin Sodium, U.S.P. (Soluble Gluside, Soluble Saccharin), is a 
white, crystalline powder, soluble in water about 1:1.2 and in alcohol 
about 1:50. It is about four hundred times as sweet as sugar when tasted 
in dilute solution. It is used as a sweetening agent in concentrations of 
about 1:10,000. Tablets of soluble saccharin are used to sweeten the 
beverages of diabetics and others who must restrict the intake of carbo¬ 
hydrate in the diet. 

Taurine is an aliphatic aminosulfonic acid with the structure NH 2 — 
CHz CH, SOjH. This compound occurs in the free state in oysters, 
cephalopods, Echinodermata, and in the muscles of many animals. The 
cholic acids joined in amide linkage to taurine are known as taurocholic 
acids. Human bile and ox bile contain large amounts of taurocholic 
acids; they are less toxic than the unconjugated cholic acids. 

SULFATE ESTERS 

Sodium Lauryl Sulfate, U.S.P., is a mixture of alkyl sulfates, chiefly 
CH3(CH2)i#(TI 2 0S0 3 Na, prepared by esterifying lauryl alcohol with 
sulfuric acid. It is a white or light-yellow, crystalline product, readily 
soluble in water; the solution has excellent detergent properties. It is 
an anionic wetting agent used in soapless shampoos, brushless shaving 
creams, liquid dentifrices, and in the so-called washable ointment bases 
which form oil in water emulsions. 

Hydroxystearin Sulfate, N.F., prepared by sulfating hydrogenated 
castor oil, is an unctuous mass, miscible with glycerol, propylene glycol, 
petrolatum and fixed oils and dispersible in water and alcohol. It is 
used to form hydrophilic ointments. 

AROMATIC AMINOSULFONIC ACIDS 

The aromatic aminosulfonic acids are used extensively in the synthesis 
of azo dyes. p-Aminobenzenesulfonic acid is prepared by heating 
aniline sulfate at 200°, at which temperature simultaneous dehydration 
and migration take place: 

—HOH 

C 6 H 6 NH 2 • HjSO, —► C,H 5 NH—SOjH —► p-NHjCeH,— S0 3 H 

Aniline sulfate Phenylsulfamic acid Sulfanilic acid 

Diazotizcd sulfanilic acid coupled with dimethylaniline forms the indicator known 
as methyl orange, or helianthine. 

1 Finzi and Colonna, Gazz. chim. ilal., 68, 132 (1938). 
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N 2 —CeH*—SO 3 ” 


p-NHa—CsH* SO 3 H 


acid 

llkT 


CHa 


0 3 ‘ 


CHj" 


H 


This compound is capable of existing in tautomeric form, and as an indicator it 
is sensitive to hydroxyl ion. 

SULFONAMIDE DERIVATIVES 

The most important development in the history of chemotherapy 
was the discovery of the antibacterial powers of p-aminobenzenesul- 
fonamide and its derivatives. This compound is better known as 
sulfanilamide, which is a perfectly proper chemical name, since it is the 
amide of sulfanilic acid, a name long recognized in dye chemistry for 
p-aminobenzenesulfonic acid. The great contribution of the com¬ 
pound and its derivatives to modern medicine may be judged by the 
production of over 10,000,000 lb. in the United States, alone, in 1943. 

It is necessary to understand the system of nomenclature for these 
compounds, because new members of the group are constantly appear¬ 
ing. The names of the fundamental radicals and their derivation from 
the parent compound, sulfanilic acid, may be seen in the following 
structural formulas: 


OH 

I 

0<-S->0 


NH 2 (tf‘) 


Y 



I 

o*-s-*o 


NH— 

I 

0<-S->0 




nh 2 

Sulfanilic acid 


NHt(AT«) 

Sulfanilamide 


nh 2 

Sulfanilyl- 


nh 2 

Sul f anil ainido- 


The correctness of these names is clear when compared with the 

O 


corresponding derivatives of acetic acid, viz., acet-ic, CH 3 C—OH; acet- 
OOO 


amide, CH 3 C—NH 2 ; acet-yl, CH 3 C—; acet-amido,CH 3 C—NH—. The 
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numbering is indicated in the formula for sulfanilamide where the sul¬ 
fonamide group, being the principal functional group and the one on 
which the name of the compound is based, occupies the 1 position 
on the benzene ring. Substituents attached to the amido nitrogen are 
therefore designated by the prefix N l , to distinguish from substituents 
attached to t he am ino nitrogen, N *. Th e compound having the struc¬ 
ture, NH* —SO 2 NH 2 , is correctly named 

N<-sulfanilylsulfanilamide. Unfortunately, it was named disulfanil- 
amide when originally described in the literature, but should not be 

confused with true disulfanilamide, NH 2 ——SO 2 NHSO 2 — 

NH *> which h »s also been made. This latter compound 

might be called iV'-sulfanilylsulfanilamide. Correct chemical names 
for additional compounds will be indicated. 

It has become a practice to give nonproprietary names to new sul¬ 
fanilamide derivatives by shortening the prefixes “ sulfanilamido- ” and 
“ sulfanilyl- ” to “ sulfa- ” and omitting the number which identifies 
the particular isomer. The nonproprietary names thus often bear a 
close resemblance to correct chemical nomenclature. 

Synthesis. The fundamental intermediate common to all the de¬ 
rivatives of sulfanilamide is N-acetylsulfanilyl chloride: 


CHjCONHCaHs + HOSO 2 CI 


1 mole 
Acetanilid 


5 moles 
Chlorosulfooic 

HC.d 


CH3C0NHC 6 H 4 S0 2 C1 

A'-AcctyUulfanilyl 

chloride 


On treatment with excess ammonia and hydrolysis of the acetyl group 
with excess mineral acid or base, sulfanilamide is produced: 


CH 3 C0NHC*H4S02NH 2 

' A^Acctylsulf anil amido 'haft 


HCI 


HC1 • NH 2 C 6 H4S02NH 2 

Sulfanilamide hydrochloride 


J 


NaOH 

Heat 


NH 2 C«H4S0 2 NHNa 

Sodium sulfanilamide 


Ha 


1 


NaOH 


NH 2 C6H4S0 2 NH 2 

Sulfanilamide 


By reaction of acetylsulfanilyl chloride with almost every conceivable 

/ R 

compound having the structure, HN^ , where R is a radical and R 


r : 


\ 


IS 


R' 


hydrogen or an organic radical, followed by hydrolysis of the acetyl 
group by the methods described, over a thousand AU-substituted de¬ 
rivatives of sulfanilamide have been prepared. The choice of base or 
acid for hydrolysis depends on the nature of the compound. Where 
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the compound has the structure, -SO,NHR, it forms a very soluble 
salt with strong bases. Alkaline hydrolysis is then preferred, because 
many of the derivatives, especially where R is a heterocyclic radica , 
undergo hydrolytic cleavage by boiling with aqueous mineral acids, giv¬ 
ing sulfanilic acid and the aminoheterocycle. On the other hand, if the 

compound has the structure —SO*N^^, or —S0 2 N=R2, it will not 

form a salt with bases, and there is danger, particularly with the second 
structure, of hydrolysis to sulfanilamide and the oxygen derivative 
of R. Hydrolysis with dilute hydrochloric acid with formation of the 
hydrochloride of the N *-amino group is to be preferred in this case. All 
A'-sulfanilamide derivatives may be hydrolyzed to sulfanilic acid by 
boiling with 60 to 80 per cent sulfuric acid. 

For synthesis of especially sensitive AH-substituted sulfanilamides, 
p-nitrobenzenesulfonyl chloride may be used and the resulting p-nitro- 
benzenesulfonamide may be reduced to the corresponding amino com¬ 
pound by neutral iron reduction. Exposure to the hydrolytic effects 
of strong acids or bases is thus avoided. Unfortunately the synthesis 
of p-nitrobenzenesulfonyl chloride is unsatisfactory and expensive. 

Synthesis of N ‘-substituted derivatives of sulfanilamide may start 
with sulfanilamide itself. Most ^‘-substituted sulfanilamides undergo 
the same reactions. As examples, the amino group may be reacted 
with acid chlorides or anhydrides to give A 4 -acylsulfanilamides; or the 
amino group may be diazotized and coupled with a wide variety of 
aromatic h ydrox y and amino compounds giving rise to azo dyes, 
RN=N—^—S0 2 NH 2 . Historically, it was such an azo dye 

that led to the discovery of the miraculous properties of the sulfona¬ 
mide drugs. 

History. Sulfanilamide was first synthesized by Gelmo in 1908. It 
attracted the attention of Horlein of the I. G. Farbenindustrie, the 
great German dye trust, about 1910 as an intermediate for azo dyes. 
A number of such dyes were made and were found to have superior 
fastness properties as wool dyes. Later Mietzsch and Klarer syn¬ 
thesized a number of azo dyes which were tested by Gerhard Domagk 
as bactericides. It was found that mice infected with a virulent strain 
of /3-hemolytic streptococci survived if treated with some of these dyes, 
but that untreated mice died. This discovery was made in 1932 and, 
as a result, clinical use of one of the dyes, named Prontosil, was started in 
Germany about 1934. It was not until late 1935 that the information 
really reached the scientific world, where it touched off a tremendous 
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amount of research in the field by every large pharmaceutical firm and 
medical research organization in the world. The news apparently 
first reached the Pasteur Institute in Paris, where Tr<5fouel, Mme. 
TrSfouel, Nitti, and Bovet reasoned that since Prontosil was not active 
on streptococci in a test tube, although it was highly active in vivo , it 
must be changed or broken down in the body to give an active form. 
A consideration of the structure showed that reduction of the azo link¬ 
age would give sulfanilamide. This was therefore tested and found to 
be active both in vivo and in vitro. Later Prontosil was shown definitely 
to give sulfanilamide in the body. From France the exciting news 
spread to England, then to America and the rest of the world. 

Relationship between Structure and Activity. By the study of more 
than three thousand sulfanilamides and related derivatives, some im¬ 
portant generalizations on the relationship of structure to chemothera¬ 
peutic activity may be drawn. 


1. The structure necessary to activity is NH 2 ——SOj 


or tne 


sulfanilyl radical. 

2. Substitution or replacement of the A 4 -amino group by a substituent which 
cannot be reconverted to free NH 2 by the animal body destroys the activity in 
vivo. Many of the groups that can be changed to amino in the animal body 
cannot be changed by bacteria, and the derivative is, therefore, inactive in vitro. 
Examples of groups that are more or less readily converted to amino groups in 
the animal body are RCONH —, RN=N — , R=N — , NO* —, HONH — , N 3 — , 
CHjNH —, (CH 3 ) 2 N— , C 6 H 5 CH 2 NH— , RCHNH —, and RCHNH —. 

I I 

S0 3 Na S0 2 Na 

G roups that are not converted to free NH 2 groups in the animal body are 
—NH—, long-chain alkylamino groups, certain acylamino groups, 
and RS0 2 NH—. 

3. Replacement of the A 4 -amino group by such groups as CH 3 —, HO—, 
HO&-, HOOC—, Cl—, etc., destroys the activity. 

4. Shifting the A’ 4 -amino group to the 2 or 3 position on the ring gives in¬ 
active compounds; i.e., derivatives of orthanilamide and metanilamide are 
inherently inactive, since they are well absorbed into the animal organism but 
offer no antibacterial action. 

5. Introduction of additional groups onto the benzene nucleus destroys the 
activity or greatly diminishes it. 

6. Substitution of the amido, or A''-nitrogen, by various groups produces 
wide fluctuation in activity. Substitution by various heterocyclic rings on this 
position has given compounds of much greater potency than the parent sulfa¬ 
nilamide, and with a more favorable ratio of toxic to therapeutic dose. 
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7. 4,4'-Diaminodiphenylsulfone having the struct ure 
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K // 
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Products 


The sulfonamide drugs that have been authorised for_ sale in .the 
United States by the Food and Drug Administration are the followmg. 
(These drugs may be sold only on prescription.) , , 

Sulfanilamide, U.S.P. (p-Aminobenzenesulfonamide, Cdsulanyde, 
Prontosil Album, Prontylin, Sanamide, Stram.de, Streptal, Strepto- 
cide) H 2 N—C.H.—SO.NH,, is a white, odorless, crystalline compound 
wfth a slightly sweet taste, melting range 164.5" to 166.5", soluble m 
water 1 : 125 at 25°, forming a neutral solution. It is.very soliiWe 
boiling water, hot alcohol, cold hydrochloric acid cold dilute sodium 
hydroxide, and cold acetone. It is insoluble in ether, chloroform, and 
benzene. It is assayed by solution in hydrochloric acid and diazotiza- 
tion with standard sodium nitrite solution, starch-iodide paste being 
used to determine the end point. This same method of assay is used for 
all ^‘-substituted sulfanilamides. Diazotization followed by coupling 
to aromatic amines is used for colorimetric determination of blood levels 


of the drug and derivatives in therapy. . 

Sulfanilamide has been very widely used in the following conditions: 
(1) All 0-hemolytic streptococcal infections of the ear, nose, throat, 
other body organs, and blood stream, e.g., mastoiditis, otitis media, 
sinusitis, tonsillitis, laryngitis, pharyngitis, meningitis, peritonitis, 
puerperal sepsis, osteomyelitis, pleurisy, empyema, streptococcal pneu¬ 
monia, ulcers, and septicemia. (2) Meningococcal infections. (3) 
Gonococcal infections. (4) Urinary tract infections caused by the 
above organisms, or by E. colt. (5) Skin infections such as impetigo 
and erysipelas. (6) Trachoma and gonococcal ophthalmia. (7) Lym¬ 
phogranuloma venereum. (8) Ludwig’s angina. (9) Surgical use in 
preventing infection in surgical incisions, resections, war wounds, etc. 
For this use the sterile crystalline powder is used. 

Sulfanilamide is usually given in the form of tablets. In both mild 
and severe infections, the usual dose is calculated as 0.1 g. per kg. of 
body weight per day, divided into six parts and given at intervals of 

4 hr., day and night, until the temperature of the patient is normal for 

5 days. The drug exhibits a number of toxic reactions such as nausea, 
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dizziness, cyanosis, hemolytic anemia, psychoses, acidosis, fever, and rash. 
Adequate care by a physician is, therefore, essential in the use of the 
drug. Sodium bicarbonate is commonly given to counteract acidosis. 

It has been found that p-aminobenzoic acid in relatively small amounts 
overcomes the antibacterial action of sulfanilamide and its derivatives. 
The administration of local anesthetics derived from this compound, 
such as procaine, monocaine, etc., therefore, must be avoided. 

Sulfapyridine, N.F., N.N.R. (W-2-Pyridylsulfanilamide), was made 



by Ewins and Phillips' in England, and its outstanding effect in curing 
pneumonia was first published by Whitby. 2 The compound had been 
independently synthesized by several groups in the United States, 
Russia, and India. It is white, crystalline, odorless, and tasteless; 
soluble in water 1 : 3500, in alcohol 1 : 440, and in acetone 1 : 65 at 25°. 
It is freely soluble in dilute mineral acids and aqueous solutions of 
sodium and potassium hydroxide. It melts between 191° and 193°. 

Sulfapyridine was the first drug to have an outstanding curative 
action on pneumonia. Its use reduced the mortality of this dread 
disease from about 30 per cent to 10 per cent. In addition, sulfapyridine 
is a considerably more potent drug than sulfanilamide in the treatment 
of streptococcal and gonococcal infections. It is also effective in 
staphylococcal infections. Its use in this country has been supplanted 
largely by sulfathiazole and sulfadiazine, because of the lower toxicity 
of these compounds. Sulfapyridine causes severe nausea in a majority 
of patients and, in addition to the other toxic symptoms of sulfanilamide, 
may cause kidney damage varying from mild hematuria to fatal anuria 
as a result of crystallization of acetylsulfapyridine in the tubules of the 
kidney. 

The usual dose of sulfapyridine in adult pneumonias is 4 g. initially, 
followed by 1 g. every 4 hr. until the temperature is normal for 72 hr. 

Sulfapyridine Sodium, U.S.P., N.N.R., is a white, odorless, crystalline 
compound Very soluble in water and. alcohol, 'giving highly alkaline 
solution (pH 11-12) which absorbs carbon dioxide readily with precipi¬ 
tation of sulfapyridine. It is used for intravenous injection, as a 5 per 
cent solution in sterile water, for critically ill patients requiring an 
immediate high blood level of the drug. It must not be given intra¬ 
muscularly or subcutaneously because its high alkalinity will cause tissue 
damage. 

1 May and Baker Ltd., British pat. 512,145. 

* Whitby, Lancet , 1, 1210 (1938). 
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Sulfathiazole, U.S.P., N.N.R. (iV>- 2 -Thiazolylsulfanilamide) was 
synthesized independently by at least 12 different ^ bo «ton es in t e 
United States, England, Germany, Denmark, Switzerland, Russia, 
Hungary, and Indfa. The first publication was by Fosbmder and 
Walter in 1939. 

H o 

H,N—SOiN— o' CH 


Sulfathiazole is white, crystalline, odorless, and tasteless, soluble 
in water 1 : 1700 and in alcohol 1 : 200 at 25°. It is freely soluble m 
acetone, dilute mineral acids, or aqueous sodium hydroxide, it melts 

between 200° and 203°. t . 

Sulfathiazole is more potent than sulfapyridine in streptococcal, 
staphylococcal, pneumococcal, and gonococcal infections and has the 
decided advantage of causing less nausea, dizziness, and cyanosis. How¬ 
ever, drug fever occurs in about 10 per cent of patients and rash in about 
5 per cent. Hematuria occurs in 2.5 per cent of patients as compared 
to 8 per cent with sulfapyridine. It has been supplanted for many uses 
by the less toxic sulfadiazine. The oral dosage is the same as for 

sulfapyridine. 

Sulfathiazole Sodium, U.S.P., N.N.R., is a white, odorless, crystalline 
compound readily soluble in water or alcohol, giving highly alkaline 
solutions (pH 9.5-10.5), which absorb carbon dioxide readily with 
precipitation of sulfathiazole. 

Sulfadiazine, U.S.P., N.N.R. (2-Sulfanilamidopyrimidine, 2-Sul- 
fanilamido-l,3-diazine, Ar‘-2-Pyrimidylsulfanilamide), was first de¬ 
scribed by Roblin, Williams, Winnek, and English in 1940, but was 
independently synthesized by at least five other laboratories. It 
occurs as a white, odorless, tasteless, crystalline powder, soluble in 
water 1 : 8100 at 37°, sparingly soluble in alcohol and acetone. It is 
readily soluble in dilute mineral acids and in moderately strong bases, 
including aqueous ammonia. The melting range is 252° to 256°. 

CH 


/ \ 



N 


Sulfadiazine has about the same potency against susceptible organisms 
as sulfathiazole. However, it exhibits fewer toxic reactions than any 
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other of the sulfa drugs and as a result is most generally useful. Nausea, 
dizziness, cyanosis, acidosis, fever, and rash are rarely observed. 
Hematuria occurs in about 1 per cent of the cases, and anuria has also 
been reported but is less common than with sulfathiazole. Kidney 
complications can be avoided by giving sufficient sodium bicarbonate 
to maintain slight alkalinity in the urine. 

Sulfadiazine is now recognized as the drug of choice in the treatment 
of most types of infection for which the sulfonamide drugs are indicated, 
with the possible exception of certain staphylococcal infections where 
sulfathiazole has slightly greater potency. Sulfadiazine was highly 
important in war medicine where it was given prophylactically by 
mouth, to supplement the effect of sulfanilamide applied locally, in 
prevention of infections in wounded personnel. Sulfadiazine is also 
incorporated in ointment bases for local application. 

Sulfadiazine Sodium, U.S.P., N.N.R., is an anhydrous, white, odorless, 
crystalline powder readily soluble in water and alcohol, giving strongly 
alkaline solutions (pH 9-10), which tend to absorb carbon dioxide with 
precipitation of sulfadiazine. Its uses are the same as the sodium salts 
of sulfapyridine and sulfathiazole. 

Sulfamerazine, U.S.P., N.N.R. (2-Sulfanilamido-4-methylpyrimidine, 
N l - (4-Methyl-2-pyrimidyl )sulfanilamide), 



N—C—CH 3 


melting range 235° to 238° C., is similar in its physical, chemical, and 
therapeutic properties to sulfadiazine but is more slowly excreted, hence 
a given blood level of the drug may be maintained through a smaller or 
less frequent dosage. This advantage is offset by a somewhat higher 
incidence of toxic reactions, however. 

Sulfamerazine Sodium, U.S.P., N.N.R., has properties similar to 
sulfadiazine sodium. 

Sulfamethazine (2-Sulfanilamido-4,6-dimethylpyrimidine, iV'-(4,G- 
Dimethyl-2-pyrimidyl)sulfanilamide, Sulfamethazine) may be synthe¬ 
sized by a novel route using sulfaguanidine as an intermediate. 

NH COCHs 



NH 2 coch 3 

2,4-Pentandione 


Sulfaguanidine 
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N—CCHj 

/-- II II 

H 2 N—/ SO 2 NH-C CH 

N=CCH 3 

Sulfamethazine 

Although sulfamethazine appears to be handled unpredictably by the 
human body and has not found favor in this country in human medicine, 
it is so well absorbed and slowly excreted by domestic animals and 
poultry that it appears to be the most generally useful drug in the 
veterinary field where low cost of treatment through small and infre¬ 
quent dosage is an important advantage. 

Sulfapyrazine, N.N.R. (2-Sulfanilamidopyrazine, 2 -Sulfanilamido- 
l 4-diazine, AT^Pyrazylsulfanilamide) 

’ N 



N 


melting range 250° to 254° C. with decomposition, is similar to sul¬ 
fadiazine in physical, chemical, and therapeutic properties, but it is 
even less soluble in water and may cause a higher incidence of kidney 
damage. Other toxic reactions are as low or lower than those exhibited 
by sulfadiazine, but this may be because toxic blood levels of the drug 
are difficult to reach except by intravenous injection of the sodium salt. 
Problems of commercial synthesis have prevented extensive use of the 


drug. 

Sulfapyrazine Sodium, N.N.R., occurs as the monohydrate; it has 
uses similar to sulfadiazine sodium. 

Sulfaguanidine, U.S.P., N.N.R. (Sulfanilylguanidine Monohydrate), 
is a white, odorless, crystalline powder soluble in water 1 : 450 at 37° 
and 1 : 10 at 100°. It is less soluble in hot alcohol and acetone and 
insoluble in benzene, ether, and chloroform. Sulfaguanidine is readily 
soluble in cold mineral acids but insoluble in cold dilute bases. Hot, 
strongly alkaline solutions decompose the compound to sulfanilamide 
with the evolution of ammonia. 

NH 

H,N—^ —SOiNH—C—NH a • H 2 0 

Sulfaguanidine is unique among sulfanilamide derivatives in that 
large quantities may be given by mouth without the development of 



470 


SULFUR COMPOUNDS 


high blood levels and consequent toxic reactions. This was considered 
an advantage in the treatment of intestinal diseases where high concen¬ 
tration in the intestinal contents is necessary to inhibit bacteria. The 
drug was used in large quantities by the armed forces of World War II 
for the treatment of bacillary dysentery. Sulfadiazine is now thought 
superior for this use because it maintains an adequate concentration of 
drug in the intestinal wall as well as in the intestinal contents. 

Sulfaguanidine has been used extensively in veterinary medicine, 
especially for treatment of coccidiosis in chickens. 

Succinylsulf athiazole, U.S.P., N.N.R. (Sulfasuxidine, p-( 2- 
Thiazolylsulfamyl )succinanilic acid monohydrate, 2-(N 4 -Succinylsul- 
fanilamido)thiazole Monohydrate) is for use in intestinal infections, 
where its low absorption from the intestine into the blood stream is 
advantageous. Probably the compound is slowly cleaved to sul- 
fathiazole as the active form, since it is inactive in vitro. 

S 

/ \ 

HC C—NH—SO 2 

II II I 



NHCOCH 2 CH 2 COOH • H 2 O 

Phthalylsulfathiazole (Sulfathalidine, p-(2-Thiazolylsulfamyl)-phthal- 
anilic acid, 2-(iV 4 -Phthalylsulfanilamido)thiazole) 


S 



This drug has properties similar to succinylsulfathiazole and is claimed to 
be somewhat more potent. Its use has been restricted to veterinary 
medicine. 

Sulfacetamide (Sulfacet, Sulamyd, Albucid, Region, AP-Acetyl- 
sulfanilamide, iV-Sulfanilylacetamide) is a white, crystalline powder, 
soluble in water 1 : 62.5 at 37°, very soluble in hot water and alcohol; 
the aqueous solution is acid. It melts between 182° and 185°. Sul¬ 
facetamide has been used largely for treatment of gonorrhea and other 
urinary-tract infections, where its high solubility and ready elimination 
permit high urinary concentrations to be maintained without danger of 
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kidney complications. Sulfacetamide forms a very soluble, neutral 
sodium salt which has the advantage of lacking the caustic properties 
of the more active sodium salts of sulfathiazole and sulfadiazine. 



O2NHCOCH3 


Prontosil (Prontosil Flavum, Streptozon, p-( 2 , 4 -Diaminophenylazo)- 
benzenesulfonamide Hydrochloride) was the first sulfanilamide deriva¬ 
tive to be used clinically. It is a red, crystalline powder, soluble in 
water 1 :400. This compound has no apparent advantages over 
sulfanilamide, to which it is cleaved in the animal body. 


HC 1 • H,N<f ^>—N=N—SOaNHa 


/ 

NH* 


Azosulfamide (Neoprontosil, Prontosil S, Streptozon S, Disodium 

2-(4'-sulfamylphenylazo)-7-acetamido-l-hydroxynaphthalene-3,6-disul¬ 
fonate) is much more soluble than Prontosil. It is used for intravenous 
injections but has largely been supplanted by newer derivatives. 



Promin (Sodium 4,4'-diaminodiphenylsulfone-N,N'-didextrose sul¬ 
fonate) has been used clinically in the treatment of tuberculosis, but the 
possible benefits of the treatment are not conclusive. It is sold for 
treatment of leprosy. 

Other sulfonamide drugs that have been sold outside of the United 
States are: 

Irgafen (^‘-(S^-Dimethylbenzoyljsulfanilamide, N-Sulfanilyl-3,4- 
Dimfethylbenzamide, iV-Sulfanilyl-3,4-xylaniide) 



has been studied clinically in Europe where it is claimed to have potency 
against organisms susceptible to other sulfa drugs and to be so slowly 
excreted that comparatively small doses are sufficient to maintain 
effective blood concentrations. 

Sulfamethylthiazole (4-Methyl-2-Sulfanilamidothiazole, AP-4-Methyl- 
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2-thiazolylsulfanilamide) was tried clinically and appeared to be some¬ 
what more active than sulfathiazole; however, about 2 per cent of 
patients developed peripheral neuritis, so that further use was discon¬ 
tinued in this country. 

S 

HC C—NHSO2—S—NH 2 

II II 

CH3— C-N 

Sulfaethylthiadiazole (5-Ethyl-2-sulfanilamido-l,3,4-thiadiazole, N l - 
(5-Ethyl-l,3,4-thiadiazol-2-yl)sulfanilamide, Globucid) 

S 

NH 2 <^ ^>—SO.NH-/ Ns jj—C2H5 

N—N 


has been investigated in Europe and appears slightly less active than 
sulfathiazole. Insufficient case histories have been reported to compare 
the incidence of toxic reactions with the sulfa drugs in common use. 
The corresponding drugs with hydrogen or methyl groups in the 5 posi¬ 
tion have also been investigated clinically but are so rapidly excreted 
that they are impractical to administer. Substitution of higher alkyl 
groups appeared to reduce the antibacterial activity. 

Marfanil (p-Aminomethylbenzenesulfonamide Hydrochloride, Homo¬ 
sulfanilamide, Sulfamylon) 

HC 1 • NH2CH2— ^ >—SO2NH2 

was used during World War II by the German Army for prophylaxis 
of wounds, as a dusting powder usually mixed with sulfanilamide or 
sulfathiazole. The drug is specific for anaerobic organisms such as cause 
tetanus and gas gangrene. It is not effective when taken by mouth and 
differs from sulfa drugs in its mechanism of action by not being antago¬ 
nized by p-aminobenzoic acid. 

Disulon (Diseptal C, A^ 4 -Sulfanilylsulfanilamide) is much less soluble 
than sulfanilamide. Conflicting opinions on its effectiveness are found 
in the literature. Cases of peripheral neuritis are reported following 
its use. 

nh 2 -<3-so j nh-<3-so jN h 2 

Uleron (Uliron, Diseptal A, W-W-Dimethyl-A^-sulfanilylsulfanil- 
amide) was used extensively in Europe for treatment of gonorrhea but 
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caused a high incidence of peripheral neuritis and has been superseded 
by more recent drugs. 

NH 2 —SO 2 NH—SO 2 N (CH 3 ) 2 

AM-Benzylsulfanilamide (Proseptazine, Septazine, Setazine, M. & B. 
125) was one of the early sulfanilamide derivatives, used chiefly in 
England. It owes its activity to slow cleavage to sulfanilamide. 


Rubiazol (3,5-Diamino-2-(4-sulfamylphenylazo)benzoic Acid) is a 
French version of Prontosil and, like the other azo dyes, owes its activity 
to cleavage to sulfanilamide. It is said to be more toxic than azo- 
sulfamide. 



Rodilone (1399 F, 6is(4-Acetamidophenyl)-sulfone) has been used in 
France. It is claimed to be less toxic than bis (4-aminophenyl)-sulfone 
but probably owes its activity to hydrolysis to the parent compound. 

CHaCONH— SOl— <CZZ/> — NHCOCHj 

The following are among the drugs under clinical test: 

Promizole (2-Amino-5-sulfanilylthiazole) 


S 

NH *-<Z>- S0 Hf V~ NHi 


is a heterocyclic isostere of bis (4-aminophenyl)-sulfone. It has been 
used experimentally in tuberculosis and leprosy. 

Diasone (Disodium[(sulfonyldi-p-phenylene)diimino)-dimethanesul- 
fonate) 

Na0 2 SCH 2 NH—<^^^>-S0 2 — NHCHsSOsNa ■ 4H 2 0 

is a derivative of fo's(4-aminophenyl)-sulfone which probably owes its 
activity to breakdown in the body to the parent compound. It has been 
studied for use in tuberculosis and leprosy. 
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Mechanism of Action. The most satisfactory explanation for the 
action of the sulfonamide drugs, and the one best fitting the known facts, 
was the theory developed by Woods, Fildes, Mcllwain, and others. 
p-Aminobenzoic acid has been found to be an essential growth factor for 
most of the bacteria susceptible to the sulfonamide drugs. According 
to theory, structurally similar sulfanilamide (and its ^'-derivatives) 
substitute for p-aminobenzoic acid in the metabolism of the bacteria 
but cause bacteriostatis because they do not fulfill the requirements of 
the bacteria for growth and reproduction. Once rapid growth of 
bacteria is stopped, the normal defense mechanisms of the host can 
mobilize and cope with the infection. This theory explains the antago¬ 
nistic effects of small amounts of p-aminobenzoic acid on the action 
of sulfanilamide drugs, since, if p-aminobenzoic acid is present in 
sufficient amounts, the bacteria can obtain their requirements and 
continue growth. 

The theory has been applied by the synthesis of many compounds 
analogous to known metabolites, e.g., 3-sulfamylpyridine 


H 2 

which causes inhibition of the growth of bacteria requiring nicotinic 
acid 


as essential growth substance. However, it is now believed that the sul¬ 
fonamides affect bacterial oxidation-reduction systems in some manner. 
Caronamide ( 4 / -Carboxyphenylmethanesulfonanilide, Staticin) 

^ =r ^CH t SO,NH<^_COOH 

Caronamide 

is one of a large number of compounds synthesized and examined 
for reversible inhibition of the renal excretion of penicillin. It is pre¬ 
pared by allowing phenylmethanesulfonyl chloride to react with p- 
aminobenzoic acid. Experiments in dogs receiving penicillin show that 
administration of this compound, orally or parenterally or by stomach 
tube, causes an increase in the penicillin concentration in the plasma and 

a delay in its excretion by the kidneys. 

N-(2-Thiazolyl)-phenolsulfonamide (Phenosulfazole, Darvisul) has 
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larly stages of the disease; the mice that survived were ‘ 

reinfection; and when the drug was given in a single oral ■dose ^ P 
vented infection. It is effective in a mouse against 
times the lethal dose of poliomyelitis v.rus when given 24 hours alter 

administration of the virus. 1 , havp de- 

Mixed Sulfonamide Therapy. Although the sulfa drugs have de 

dined somewhat in extent of usage through replacement by the ant - 

biotics, they have become indispensable in modern therapeutics. Their 

use has been extended through the-development of the concept of mixed 

sulfonamide therapy. The basic principle underlying this concept 

which has been demonstrated til vitro and by clinical studies, «M 

or more sulfonamides, when present simultaneously in the urine have 

little or no influence on each other with respect to their individual 

solubilities.* *-*-*-*- 7 For example, a sample of urine already saturated 

with sulfathiazole will still dissolve the normal quantity of sulfadiazine 

and then will further dissolve a normal quantity of sulfamerazine. 1 his 

is illustrated by Lehr’s total solubility data for sulfonamides and 

sulfonamide mixtures in water at 20° C.: 


Sulfadiazine 7 3 

Sulfamerazine 20 2 

Sulfathiazole 34.4 

Sulfadiazine plus sulfamerazine 25.6 mg 

Sulfadiazine plus sulfathiazole 38.3 mg 

Sulfamerazine plus sulfathiazole 50.7 mg 


per 100 cc. 
per 100 cc. 

per 100 cc. 
per 100 cc. 
per 100 cc. 

per 100 cc. 


The chief clinical advantage of this development is the practical 
elimination of the danger of intrarenal precipitation of the sulfonamides 
at normal total dosage levels. Under mixed sulfonamide therapy the 
danger of intrarenal precipitation is only as great as if each compound 
were administered alone, and in the partial dosage contained in the 

mixture. • ■ -■ •• 

Clinical studies in which the use of adjuvant alkali therapy was 
intentionally omitted have demonstrated the value of mixed sul¬ 
fonamides by the absence of renal complications and the low incidence 

* Chem. Eng. News, 26, 2710 (1948). 

* Lehr, Proc. Soc. Exptl. Biol. & Med., 58, 11 (1945). 

* Lehr, J. Urol., 55, 548 (1946). 

4 Lehr, Slobody, and Greenberg, J. Pediat., 29, 275 (1946). 

5 Lehr, Proc. Soc. Exptl. Biol. & Med., 64, 393 (1947). 

•Flippin and Reinhold, Ann. Int. Med., 25, 433 (1946). 

7 Frisk, Hagerman, Helander, and Sjogren, Brit. Med. J., 1,7 (1947). 
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of only mild crystalluria. Exceptionally high dosages were used in 
certain cases, without untoward effect. In routine therapy the use of 
mixed sulfonamides, accompanied by alkalization of the urine and 
maintenance of an adequate fluid intake, reduces the danger of renal 
precipitation to the minimum. 

The various combinations include sulfadiazine-sulfamerazine, sulfa- 
diazine-sulfathiazole, and sulfadiazine-sulfamerazine-sulfathiazole, in the 
form of tablets and also as microcrystalline suspensions. 
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CHAPTER XI 


COMPOUNDS OF PHOSPHORUS, ARSENIC, AND ANTIMONY 

Reference to the periodic table of the elements will show that di- 
rectly under nitrogen, Group V, come phosphorus, arsenic, and anti- 
mony. It would be expected, therefore, that these elements should 
form compounds analogous to the nitrogen compounds. To a limited 
extent, such is the case. For example, analogous to ammonia there 
are found and known phosphine, PH,, arsine, AsH,, and stibine, SbH,. 
As there are known organic substituted ammonias (amines) there are 
also known organic substituted phosphines, arsines, and stibines. 
There is considerable parallelism in these series of compounds. Analo¬ 
gous to the nitro compounds are found the phosphonic acids, arsonic 
acids, and stibonic acids. 


OH 

/ 

R—P —>0 

\ 

OH 

MonoaJkyl- 
phosphonic acid 


R 

\ 

P->0 

/ \ 

R OH 

Dialkyl- 
pbosphooic acid 


OH 

/ 

At—A s—>0 

\ 

OH 

Monoaryl- 
areonic acid 


OH 

/ 

Ar—Sb —* O 

\ 

OH 

Monoaryl- 
•tibonic acid 


The analogy of these compounds to the nitro compounds is better seen 
if one assumes that in the series the nitro group exists in a hydrated 
form. 


OH O 

/ -HOH S 

R—N —*0 —► R—N 

\ \ 

OH O 

Further analogies will appear in the individual compounds to be dis¬ 
cussed. 


PHOSPHORUS COMPOUNDS 

Organic phosphorus compounds of medicinal or pharmaceutical in¬ 
terest are briefly classified. First come the phospholipids and the 
phosphoproteins. In these substances, the element phosphorus is 
present as a derivative of phosphoric acid, as for example in lecithin. 
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In a similar manner, the phosphoproteins on vdll yieW p ho:s- 

phoric acid. Here the phosphorus atom is not d.rectly linked 

carbon atom. 

have been investigated for use as tox.c war gases. 

Bauer and Rosenthal of the National Institute of Health, United States 
Public Health Service, report that an organic phosphorus compound 
of the following structure, has a high antistreptococcal activity in mice, 


(CHj)jN 



N (CHa)i 


W«-(4-DimethyUmiDophenyl) phosphinous acid 

u-Aminophosphonic acids have been prepared by the reaction 
ftH.<CO>,H<CH,)„B, + N * ro S; H ;>^ C0)lN(0H ,,,_r0<0C.H,,, 


HOH 

C ft H 4 (CO) 2 N(CH 3 ) n PO(OC 4 H.)2 ^ 

CeH^COOH) + 2 C 4 H 9 OH + NH 2 (CH 2 )„P0 3 H 2 

The physiological properties of the products are not stated. 1 

0,0-Diethyl O-^-nitrophenylthiophosphate (Parathion, Thiophos 6'izZ) 


OC 2 H s 

I 

S<-P—o 

I 

OC 2 H 5 

is a yellow to brown liquid of high boiling point, slightly soluble in 
water and hydrocarbon solvents, and miscible with acetone, ether, 
alcohol, and fixed oils. It is used as an insecticide and is reported 
to be 5 to 25 times more potent than DDT, depending on the insect 
against which it is used. In concentrations effective for the control of 
insects, it does not appear to injure plants. 

Phosphanilic Acid, p-NH 2 —C«H 4 —P0 3 H 2 , has slight antibacterial 
activity, and like sulfanilic acid it is antagonized by p-aminobenzoic 
acid. 2 An analogous compound in which the phosphorus is trivalent, 
^-aminobenzenephosphonous acid, p-NH 2 —CgH 4 —P(OH) 2 , is only 

1 Chavane, Compt. rend., 224, 406 (1947); C.A ., 41, 3043 (1947). 

2 Kuhn, Moller and Wendt, Ber., 76, 405 (1943). 
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slightly less active than sulfanilamide against E. coli, and it is antago¬ 
nized by p-aminobenzoic acid in concentrations about equal to those 
which inactivate sulfanilamide . 1 It is prepared according to the follow¬ 
ing reactions: 


C 6 H.£r + PCI, '^3? p-Br—CtH<—PCI, 
p-Br-C.H.—P(OH), ^3” p-NHi—C«H,—P(OH ) 2 


p-Aminoberucne- 
phosphonous acid 


ARSENIC COMPOUNDS 

Inorganic arsenic compounds have been known since ancient times. 
Early use was made of the two native sulfides, realgar (AszS 2 ) and 
orpiment (AsaSj), as depilatories and as a dressing for wounds and 
internally as-tonics and for the treatment of intermittent fever. The 
oxides, arsenic trioxide (As 2 0 3 ) and arsenic pentoxide (As 2 0 6 ), and 
compounds derived from them were used extensively as poisons in 
the sixteenth and seventeenth centuries. Later, preparations such as 
solution of arsenic and mercuric iodides (Donovan’s Solution) and 
solution of potassium arsenite (Fowler’s Solution) were employed as 
tonics in anemia and pulmonary diseases and as remedial agents in 
malaria and syphilis. 


ALKYL ARSENIC COMPOUNDS 

The first organic compound of arsenic was discovered in 1760 by 
Louis Claude Cadet, a pharmacist in the French army. Upon distilling 
arsenous acid and potassium acetate, he obtained a fuming liquid of 
repulsive and garliclike odor which burned on contact with air. Bun¬ 
sen showed that Cadet’s fuming arsenical liquid was composed of carbon, 
hydrogen, arsenic, and oxygen and that the arsenic-carbon group re¬ 
mained intact in all reactions. Berzelius gave this radical, (CH 3 ) 2 As—, 
the name “ cacodyl ” which is derived from the Greek word for “ stink¬ 
ing.” Cahours and Riche established the constitution of cacodyl in 
1842. The main constituent of Cadet’s fuming liquid is cacodyl oxide: 

4 CH 3 COOK -f- As 2 0 3 —► (CH 3 )iAs—0—As(CH 3 ) 2 2K 2 C0 3 -f- 2C0 2 

Cacodyl oxide 

This substance is not flammable and it does not fume in air. The 
cacodyl which is also obtained in the liquid is the constituent which 
fumes and burns in air. Reaction of cacodyl oxide with hydrogen 
chloride forms cacodyl chloride; if the chloride is treated with metallic 

1 Klotz and Morrison, J. Am. Chem. Soc., 69, 473 (1947). 
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zinc or mercury, cacodyl is obtained. These reactions are summarized: 

Me*As-0-AsMe 2 + 2HC1 —> HOH + 2Me s AsCl 

Cacodyl chloride, 
dimethyichloroarsino 

2 Me 2 AsCl + Zn —► ZnCl* + Me 2 —As—As—Me 2 

Cacodyl. 

tetramethyldiareine 

Tetramethyldiarsine is the arsenic analog of tetramethylhydrazinc, Me.N 

N—Met. 

Many of the cacodyl compounds on oxidation form cacodylic acid, for 
example, 

CHav .OH 

MejAs-O-AsMe, 2 cHj / As \ q 

r’.rr.Hvlif arid 


There are two series of cacodyl derivatives, namely, those in which 
the radical behaves as if it were monovalent (trivalent arsenic) and 
trivalent (pentavalent arsenic). Compounds belonging to the first 
series may be regarded as derivatives of arsine obtained by replacing 


-- ^ 

the hydrogen atoms by other groups: 


H 

CHa 

CHa 

CHa 

/ 

/ 

/ 

/ 

As—H 

As—H 

As—CHa 

As—CHa 

\ 

\ 

\ 

\ 

H 

H 

H 

CH 3 

Ar»ine 

Mothyl- 

armino 

Dimethyl- 

arsino 

Trimethyl- 

arnine 

CHa 

CHa 

CHa 

CHa 

\ 

/ 

/ 

/ 

As—As 

As—CHa 

As—CHa 

/ 

\ 

\ 

\ 

CHa 

CHa 

Cl 

C=N 

Dicacodyl 

(cacodyl) 

Cacodyl 

chloride 

Cacodyl 

cyanide 


All the alkyl arsines, e.g., the ethyl, butyl, and amyl compounds, are 
very toxic. Replacement of the arsine hydrogen by halogen, e.g., 
methyldichloroarsine, dimethylchloroarsine, increases the toxicity par¬ 
ticularly when the halogen is chlorine. These compounds differ from 
the corresponding compounds of nitrogen in that the primary, second¬ 
ary, and tertiary arsines have practically no basic properties. None 
of the compounds of this series is employed as a therapeutic agent 
since all of them are highly toxic. 
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Lewisite (Chlorovinyldichloroarsine), CHC1=CH—AsCli, and ethyl- 
dichloroarsine, CH 3 CH 2 ASCI 2 , are vesicants used for chemical warfare. 
Lewisite has a geraniumlike odor and produces irritation to the nasal 
passages, respiratory tract, eyes, and skin. Ethyldichloroarsine pro¬ 
duces a pungent, pepperlike sensation in the nostrils. It causes blisters, 
paralysis of the hands, and vomiting. 

The second series includes compounds of the type: 


CH3 w° 

Ch/ \)H 

Cacodylic acid 


(R)*AsI 

Tetraalkylaraonium 

compound* 


(R)*As 

Pentaalkylaraonlum 

compound* 


The cacodylate compounds are the only members of this series used 
medicinally. Cacodyl oxide obtained by distilling potassium acetate 
with arsenous acid is the initial compound from which other cacodyl 
derivatives are prepared. 

Sodium Cacodylate, N.F., is the sodium salt of dimethylarsonate. 
Cacodylic acid is a very stable, water-soluble, crystalline compound. 
It is amphoteric, forming salts with alkalies and unstable compounds 
with strong acids. The sodium salt of this acid is a deliquescent solid 
which crystallizes with three molecules of water, (CH 3 )iAs 0 tN&‘ 3 H 2 0 . 

Sodium cacodylate and cacodylic acid were introduced as therapeutic 
agents by Armand Gautier in 1896 after Bunsen and Kirchner found 
that cacodylic acid was relatively nontoxic. He employed these sub¬ 
stances as tonics in anemias and other debilitating diseases and also 
empirically in syphilis and malaria. Later, it was established that the 
effects produced by the cacodylates are much the same as those given 
by inorganic arsenicals to which they are partly reduced in the body. 
Because the reduction occurs slowly, the action is prolonged. When 
given by mouth, the cacodylates impart a garliclike odor to the breath, 
sweat, and urine owing to the excretion of cacodyl oxide. 

Sodium cacodylate has been replaced by more effective agents in 
the treatment of protozoan infections. It is now used to a limited 
extent in the same conditions as the inorganic compounds of arsenic. 

Solar son, N.N.R., is the trade name of a 1 per cent solution of mono- 
ammonium chloroheptenarsonate (Chloroarsenol). The active ingre¬ 
dient of this solution is prepared by treating heptyne with arsenic 
trichloride, hydrolysis to the arseno compound, and oxidation to the 
arsonic acid with hydrogen peroxide and conversion to the monoam- 
monium salt: 


CH 3 (CH 2 ) 4 Ce=CH + AsCls 


Heptyne 


CH 3 (CHj)4CC1=CH-AsC1i + h 2 o —> 

CH,(CH 2 ) 4 CC 1 =CH—AsO + H 2 0 2 
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— ot -< oe -> ot - oh - a - 0<0h, ^ ( S“c«h-a,o(0H) (ONH.) 

Chloroarsenol 

Solarson is reported to be less toxic than arsenic acid upon intra¬ 
venous or subcutaneous administration when the dosage is computed 
on the basis of arsenic content. It is used to obtain the tonic effects 
of arsenic in anemias, malaria, skin diseases, etc. 

ARYL ARSENIC COMPOUNDS 

The aromatic arsenic compounds include some of the most valuable 
known therapeutic agents because they are effective against protozoal 
infections. The first compound of this type, known as “ atoxyl,” the 
sodium salt of arsanilic acid, was prepared by Bechamp 1 by heating ani¬ 
line and arsenic acid together. Bechamp believed that this compound 
was the anilid of arsenic acid. Ehrlich and Bertheim 2 proved the 
structure of the compound to be that of p-aminobenzenearsonic acid; 
they named it arsanilic acid by analogy with sulfanilic acid. 



nh 2 

NH—AsOsHNa 

1 

nh 2 

1 


A 

A 

rS 


Lh 

U 

T 

ONa 

/ 

As —>0 

\ 

OH 


Sulfanilio acid 

Atoxyl. 

Bcchamp's formula 

Atoxyl (arsanilic acid). 
Ehrlich and Bertheim formula 


This discovery was of great importance since it showed that arsa¬ 
nilic acid could undergo all the transformations of aniline. Conse¬ 
quently, arsanilic acid became the starting point for the synthesis of 
many other aryl arsenic compounds. 

The studies of Ehrlich and Shiga 3 of the effects of various substances, 
including arsanilic acid, on trypanosomes indicated that the organic 
compounds containing pentavalent arsenic were quite inert in vitro. 
Thomas in 1905, however, showed that atoxyl was definitely trypano¬ 
cidal in vivo. Ehrlich and his co-workers then initiated a systematic 
study of atoxyl and other organic arsenicals. Ehrlich explained the 

i Compt. rend., 56, 1173 (1863). 

* Ber., 40, 3292 (1907). 

3 Klin. Wochschr., 41, 329, 362 (1904). 
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activity of atoxyl in vivo and its inactivity in vitro by the reduction of 
the pentavalent arsenic to trivalent arsenic in the body. 

Methods for the direct arsonation of amines or of phenols include: 

1. Aniline, for example, heated with excess arsenic acid undergoes the follow¬ 
ing reactions: 

_ 1IAII 

CsH s —NHj + HjAsO, —> C.H.-NH, - H^AsO, h ^ 0 . 

Aniline areenat« 

[CtH s NH—A sOjHj) p-NH s C,H,-As0 3 H 2 

Araanilid. Areanilic acid 

probable intermediate 

2. In a similar manner, when phenol is heated with arsenic acid, p-hydroxy- 
phenylarsonic acid is obtained, 

C 6 HjOH + HO—AsOjH, p-HO—C«H 4 —AsO,Hj 

It must be borne in mind that in both syntheses small amounts of the ortho- 
isomer are obtained, and also there is formed in small amounts some of the 
diphenylarsenic acid derivative, e.g.: 

OH 

/ 

(p-NH*—C 6 H4)2=As-»0 

3. Another method, known as the Bart synthesis, depends upon the reaction 
of a diazotized amine with an alkaline solution of arsenous acid; the amino 
group is replaced by the arsonic acid group. Although various improvements 
have been made in the details of this synthesis its principle is unchanged and is 
indicated, 

Ar—N 2 —X + Na— AsOjHNa —► NaX + Ar—N 2 —AsOaHNa—► 

Ar—AsOaHNa + N 2 

The Bart synthesis is very useful and permits the preparation of a wide variety 
of aromatic arsenic compounds. 


Activity and Toxicity 

Like the alkyl arsines, the aromatic compounds such as monophenyl- 
arsine and phenyldichloroarsine are highly toxic. 1 The introduction 
of an hydroxyl or amino group into the benzene ring lowers the toxicity 
and the toxicity is further reduced in compounds such as 4-hydroxy-3- 
aminophenylarsine. Further substitution of aromatic groups as in 
di- and triphenylarsine progressively lowers the toxicity. 

The aromatic arsonic acids have been studied quite extensively. 


1 Kahn, Chem. Ztg., 36, 1099 (1912). 



ARYL ARSENIC COMPOUNDS 


485 


Phenylarsonic acid is more toxic than the methyl compound, and 
diphenylarsonic acid is more toxic than its monophenyl amdog. JJ 
effect of substitution into the phenyl group of phenylarsomc acid hasjed 
to a number of interesting observations. The introduction of hydroxyl 
groups into the phenyl nucleus lowers the toxicity. 

OH f OH f 

OH OH 0H 

4-Hydro xyph.ny I w^onio 3-Hy^^oy^o.o ^Hydro^^nl. 

The substitution of a methyl group increases the toxicity, but; the 
same group in hydroxy compounds such as o- and p-cresyl arsonic acids 
decreases the activity against typanosomes and towers the tojcitj 
Nitro and nitroso substitution y.elds compounds that are almost 
inactive Halogenation causes an increase in toxicity, e.g., d,a-ai 
chlorophenylarsonic acid is much more toxic than phenylarsonic acid 

and causes other undesirable physiological effects. ... 

The introduction of an amino group (atoxyl) decreases the toxicity 
and gives a compound that has some action against sp.r.llae in vivo 
and slight action in vitro. Monomethylation of the amino group ot 
atoxyl causes a considerable increase in toxicity without any increase in 
the spirillicidal action, and dimethylation further increases the toxicity 
and reduces the activity. On the other hand, acetylation (arsacetin) 
reduces the toxicity by two-thirds and increases the activity so that 
the therapeutic index is increased by a factor of nine. Acyl deriva¬ 
tives such as formyl, butyl, chloroacetyl, malonyl, and phthalyl have 
been made and found to increase in toxicity as the molecular weight 
of the acyl group is increased without increasing the spirillicidal or 
trypanocidal action. 


Properties 

The aromatic arsonic acids readily undergo various reactions, par¬ 
ticularly reduction, and hence are widely used in the synthesis of com¬ 
pounds that possess considerable therapeutic value. The reduction 
reactions may be summarized as follows: 

1. Formation of arsines. The arsonic acid group may be reduced with zinc 
dust and hydrochloric acid to the arsine: 

. Ar—As0 3 H 2 Ar—AsH 2 
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2. Formation of arsine oxides. Mild reducing agents such as a combination 
of sulfur dioxide and hydriodic acid reduce the arsonic acid group to the trivalent 
condition, but not to the substituted arsine: 

Ar—As0 3 H 2 + SO* + 2HI —► Ar—A sC1 2 + H 2 S0 4 + H 2 

The arsine dichloride readily hydrolyzes with alkali to form the oxide: 

Ar—A sC1 2 + 2NaOH —► 2NaCl + Ar—As=0 + HOH 

Phenylhydrazine, for example, may be employed to reduce the arsonic acid to 
the corresponding arsine oxide. 

3. Reduction to the arseno compounds. This may be accomplished by means 
of several reagents, such as hypophosphorous acid in methyl alcohol, sodium 
amalgam, and sodium hydrosulfite. The general equation may be written: 

2Ar—As0 3 H 2 + 4H 2 —► 6 HOH + Ar—As=As—Ar 

The arseno compounds are the arsenic analogs of the azo compounds, 
Ar—N=N—Ar. The arseno derivatives may be prepared by the condensation 
of arsine oxides with arsines; this permits the synthesis of unsymmetrical 
compounds: 

-HOH 

Ar—As=0 + H*As—Ar' —► Ar—As=As—Ar' 

Products 

Tryparsamide, U.S.P., N.N.R. (Sodium Salt of p-Arsonophenylgly- 

OH 

I 

cineamide), p-NaO—As—C«H 4 —NHCH 2 CO—NH 2 , is of little value in 

1 

0 

primary and secondary syphilis. It has been used with considerable 
success in the treatment of sleeping sickness, in general paresis, and in 
tabes. It is synthesized from atoxyl and chloroacetamide: 

NHr-CO—CH 2 C1 + NH 2 —C*H 4 —As0 3 HNa —► 

p-NH 2 COCH 2 NH—CeH 4 As0 3 HNa 

Tryparsamide 

Carbarsone, U.S.P., N.N.R. (p-Carbaminophenylarsonic Acid), 
HjN—CO—NH—C 6 H 4 —As 0 3 H 2 , is a white, crystalline, stable powder, 
containing about 28.5 per cent As, slightly soluble in water but soluble 
in alkalies and alkali carbonates. It is used to treat amebiasis, usually 
being administered by mouth. 

Acetarsone, N.F., N.N.R. (Stovarsol, 4-Hydroxy-3-acetaminophenyl- 
arsonic Acid), is a white powder containing about 27 per cent As. It is 
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not readily soluble in water or alcohol, but it dissolves readily in alkalies 
to form stable solutions at room temperature. It has been success¬ 
fully used in the treatment of syphilis, yaws, amebiasis, and malaria. 
It is claimed that stovarsol was the first compound to be successfully 
administered by mouth in the treatment of syphilis. It is also re¬ 
ported to be a specific in the treatment of agalactia in sheep and goats. 
It may be synthesized by nitrating p-hydroxyphenylarsomc acid, re¬ 
ducing the nitro to the amino group, and acetylating: 



Treparsol is the formyl analog of stovarsol; that is, a formyl group 
replaces the acetyl group. 

Oxophenarsine Hydrochloride, U.S.P. ( 3 -Amino- 4 -hydroxyphenyl- 
arsinoxide Hydrochloride, Mapharsen), 1,3,4-CeH* AsO—NH 2 OH, 
was first prepared by Ehrlich, who found it to be quite toxic. Reexamina¬ 
tion of the compound showed that the ratio of the effective to the toxic 
dose is very favorable. Mapharsen is used in the treatment of syphilis, 
usually being administered intravenously. 

y-(p- At senosopheny 1) butyric Acid, O: As—CeH 4 —CH 2 C H 2 C H 2 COO H, 
is effective against trypanosomes, even against so-called arsenic-resistant 
strains. Early field tests indicate that it is highly active as a trypano¬ 
cidal agent with reasonable freedom from toxic action . 1 

2-Pyridon-5-arsonic Acid, 

CH 

^ \ 

HC C—AsOjHz 


OC CH 

\ / 

NH 

has been reported in animal experimentation to be tolerated 124 times 
better than tryparsamide and 17 times better than atoxyl; it has been 
used without damage in the treatment of neurosyphilis in animals . 2 

1 Eagle, Science, 101, 69 (1945). 

* Binz, Ber., 70, 127 (1937). 
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Dichlorophenarsine Hydrochloride, U.S.P., N.N.R. (3-Amino-4- 
hydroxyphenyl Dichloroarsine Hydrochloride) is a white, crystalline 
powder soluble in water. It was studied many years ago and rejected 
as too toxic for use in therapy. Later studies have revealed that, when 
suitably buffered with agents such as sodium citrate and sodium car¬ 
bonate, it is useful in the treatment of syphilis. Admixed with dry 
buffering agents it is sealed in ampuls. When the contents are dissolved 
in water the dichlorophenarsine is probably converted to the correspond¬ 
ing arsenoxide. 


HC1 


Dichlorophenarsine 



ARSENOBENZENE DERIVATIVES 


The discovery of the therapeutic value of the arsenobenzene deriva¬ 
tives constitutes one of the great advances made in the treatment of 
syphilis and in the field of chemotherapy. This discovery resulted 
from Ehrlich’s concept that pentavalent arsenicals like atoxyl are 
reduced in the body to the actively parasiticidal trivalent form. He 
and his co-workers studied various compounds obtained by the reduc¬ 
tion of arsonic acid derivatives. One of these, phenylglycine-p-arsonic 
acid, on reduction yielded p-arsenophenylglycine which contains two 
arsenic atoms joined by a double bond and each linked to a benzene 
ring by a single bond. 



0 


NH—CHj—O-OH 
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p-AraenophenyUIydne 

The activity of the sodium salt of p-arsenophenylglycine led to the 
study of other derivatives containing the arsenobenzene nucleus. 

Arsphenamine, U.S.P., is the name adopted in the United States for 
the product introduced in Germany under the trade name Salvarsan, 
in Great Britain as Kharsivan, and in France as Arsenobenzol. It is also 
known as “ 606 ” because 605 other preparations were made before this 
product was elaborated. 

It is the dihydrochloride of S.S'-diamino^^'-dihydroxyarsenoben- 
zene. This salt is acid in solution and must be neutralized before use. 
Each 0.1 g. of arsphenamine is neutralized with 0.85 cc. of N NaOH. 
This supplies a slight excess of alkali so that the disodium compound 
is formed 

OH OH ONa ONa 




It is synthesized by reducing 4-hydroxy-3-nitrophenylarsonic acid 
with sodium hydrosulfite and magnesium chloride at 40-50°. The 
essential reactions are indicated: 



NHj-HCl 
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Arsphenamine is a light yellow, hygroscopic powder. It is readily 
soluble in water, alcohol, or glycerol. It is oxidized readily on ex¬ 
posure to air as such or in solution, becoming darker in color and more 
toxic. To prevent oxidation, it is marketed in glass containers sealed 
under a vacuum or filled with an inert gas such as nitrogen. Each 
manufactured lot must be tested for toxicity and comply with the 
requirements of the United States Public Health Institute. 

Sodium Arsphenamine, N.N.R. (Sodium Salvarsan, Sodium Di- 
arsenol), is the disodium salt of 3,3'-diamino-4,4'-dihydroxyarseno- 
benzene. It is prepared by mixing equimolar amounts of sodium 
methoxide and a suspension of arsphenamine base in methyl alcohol 
and by precipitating the product by the addition of absolute alcohol 
and ether. 

Sodium arsphenamine is a pale yellow powder, readily soluble in water 
and slightly soluble in alcohol. It has the advantage that, unlike 
arsphenamine, it does not require neutralization before use. It is very 
unstable. Solutions for administration should be prepared immedi¬ 
ately before use without the aid of heat and without shaking. 

Silver Arsphenamine, N.N.R. (Sodium Silver Arsphenamine), is the 
disodium salt of silver 3,3'-diamino-4,4'-dihydroxyarsenobenzene. It 
is prepared by treating arsphenamine dissolved in methyl alcohol with 
an equimolar solution of a silver salt and adding sodium hydroxide. 
The sodium silver arsphenamine can then be precipitated by the addi¬ 
tion of ether. The structure of the resulting compound is not known 
with certainty. It contains from 12 to 14 per cent of nonionizable 
silver and not less than 19 per cent of arsenic. Binz and his collabora¬ 
tors report that, since arseno compounds containing no amino groups 
do not form complexes with metallic salts, the silver is attached to the 
nitrogen in silver arsphenamine. 



Silver arsphenamine is readily soluble in water. It is usually ad¬ 
ministered parenterally as a 0.5 per cent solution which must be freshly 
prepared to guard against oxidation. It is used for the same purposes 
as arsphenamine. The introduction of silver is said to improve the 
chemotherapeutic index owing to the activity of the silver component 
of the molecule. 
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Neoarsphenamine, U.S.P. (Neosalvarsan, Neokharsivan, Neoarseno- 
benzol, Neodiarsenol, “ 914 ” of Ehrlich’s series), is sodium 3,3'-di- 

amino-4,4'-dihydroxyarsenobenzene-N-methanalsulfoxylate. It is pre¬ 
pared by mixing arsphenamine with sodium formaldehydesulfoxylate 
and adding sodium bicarbonate solution. 



Arephenamine Neoaraphenatnine 


Neoarsphenamine is a yellow powder, very soluble in water, slightly 
soluble in alcohol, and practically insoluble in absolute alcohol, acetone, 
chloroform, and ether. It contains about 20 per cent As. 

Silver Neoarsphenamine is a derivative of neoarsphenamine similar 
to silver arsphenamine. It is a grayish-black soluble powder containing 
6 to 7 per cent of Ag and about 20 per cent of As. It is used in the 
same manner as silver arsphenamine. 

Sulfarsphenamine, U.S.P. (Disodium 3,3'-diamino-4 f 4'-dihydroxy- 
arsenobenzene-N,N'-dimethylene sulfonate), is the sodium bisulfite in 
the formaldehyde derivative of arsphenamine, 


OH OH 



Sulftraphcoamioo 


It was developed by Voegtlin et al. of the United States Public Health 
Service, Hygienic Laboratory. It is a light yellow powder, readily 
soluble in water with the formation of slightly acid solutions. It con¬ 
tains about 19 per cent of trivalent As. It is more resistant to oxidation 
than the arsphenamine compounds. The chief advantage of sulfars¬ 
phenamine is that it can be administered intramuscularly. 

A heterocyclic analog of the salvarsan compounds is 2-pyridon-5- 
arsenol'-^'-amino^'-hydroxybenzene): 

CH=CH CH=C—NH 2 

/ \ / \ 

0=c C—As=As—C C— OH 

\ / \ X 

NH—CH 


CH—CH 
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It is considerably less toxic than tryparsamide. In animals it showed 
promise against neurosyphilis, and in man it was tolerated without 
affecting the optic nerve. 1 

Bismarsen, N.N.R., is a complex bismuth derivative of sulfarsphena- 
mine of unknown constitution. It contains about 13.5 per cent As 
and about 24 per cent Bi and is a brownish-yellow powder, readily 
soluble in water, forming a slightly alkaline solution. It is admin¬ 
istered intramuscularly. 

The arsenical compounds used medicinally are usually classified into 
trivalent and pentavalent compounds as follows: 

A. Trivalent Compounds: 

1. Inorganic: Arsenic trioxide, As 2 0 3 , arsenite, e.g., sodium arsenite, 
NaAsC> 2 . 

2. Organic Compounds: Arsphenamine and its derivatives, raapharsen. 

B. Pentavalent Compounds: 

1. Inorganic: Arsenic acid, HjAs 0 4 and its salts, the arsenates. 

2. Organic Compounds: Acetarsone, atoxyl (Sodium arsanilate), carbarsone, 
sodium cacodylate, solarson, treparsol, tryparsamide. 

Sodium cacodylate and solarson are used chiefly as substitutes for the inorganic 
compounds of arsenic. They are usually injected subcutaneously or intramuscularly 
in sterile isotonic solutions as tonics in anemias, chlorosis, malaria, etc., and in the 
treatment of skin diseases. It is believed that they gradually liberate inorganic 
arsenic and so are better tolerated. 

The arsphenamines are used mainly for the treatment of syphilis. Arsphenamine 
and neoarsphenamine and their sodium and silver derivatives are administered intra¬ 
venously. Ncoarsphenamine has the advantage that it need not be alkalinized 
before injection. Both arsphenamine and neoarsphenamine together with their 
sodium and silver derivatives are relatively unstable and undergo oxidation with the 
formation of toxic products on exposure to air. Consequently, these products are 
sealed in ampuls in an inert atmosphere. After an ampul is opened with proper pre¬ 
cautions to avoid oxidation, the contents are dissolved in water and injected as soon 
as possible to avoid deterioration. The solutions are usually prepared by sprinkling 
the powder onto the surface of sterile distilled water at room temperature without 
shaking or stirring. Only clear solutions are suitable for injection. When solution 
is complete, filtration through sterile gauze may be used to remove any foreign par¬ 
ticles. Unused portions of the drug in ampuls or solution should be discarded. 

Sulfarsphenamine and bismarsen are usually injected intramuscularly. These 
products are more resistant to oxidation than arsphenamine and neoarsphenamine, 
but the same precautions should be observed in the preparation of solutions. 

Tryparsamide is used mainly in the treatment of trypanosomiasis and central 
nervous system syphilis. It is usually administered intravenously. The solutions 
are stable, and agitation does not increase the toxicity. 

Carbarsone and treparsol are used in the treatment of amebiasis and dysentery. 
For these purposes they are usually administered as tablets or in capsules. Carbar- 


»Binz, Ber., 70,127 (1937). 
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sone is also used in suppository form against Trichcmonas varinalis .Treparsol 
also used in the treatment of syphilis by oral adnumstrat.on of the tablets 

MaDharsen is used in the same way as the arsphenamines. It forms stable * 
Uons which may darken on exposure to air and light but do not become more> to• • 

It is marketed in ampuls with sufficient sodium bicarbonate to neutralize the a . 
salt, and sucrose to form an isotonic solution. 


ANTIMONY COMPOUNDS 


Organometallic antimony compounds with the antimony atom linked 
directly to a carbon atom have been synthesized and examined for ac¬ 
tivity comparable to that of the compounds of arsenic. They com¬ 
pare unfavorably as to ease of preparation, stability, and effectiveness. 
Whereas the effectiveness of the arsenic compounds in which the ar¬ 
senic atom is linked to carbon seems to be increased through a decrease 
in toxicity and an increase in specificity for certain organisms, this does 
not seem to be true of the antimony compounds. Thus the antimony 
analog of arsphenamine has been prepared, but it is extremely sensitive 
to oxidation and has no practical use. No true organometallic com¬ 
pounds of antimony are used at the present time as medicinal agents. 

The use of antimony and potassium tartrate has been discussed, 
page 231. Other compounds of trivalent antimony used medicinally 

include: 


Sb—S— CHj—CO—ONa 

/\ 

o s 

0=0—CH, 

Antimony sodium thioglycoUt©, 
N.N.R. 


S—CHi—CONHi 
Sb—S—CH 2 —CONHa 
^S—CH,—CONH a 

Antimony thiojlj£oUmid©, 


SOjNa 



Antimony thioglycolamide and antimony thioglycolate are used in 
the treatment of certain tropical diseases, namely, granuloma inguinale 
(tumor of granular tissue), trypanosomiasis, kala azar (an epidemic 
fever caused by small parasites found in the liver and spleen), and as 
anthelmintics in the treatment of filariasis (parasitic disease caused 
by various species of flukes). Sterile solutions of the compounds are 
usually injected intramuscularly and sometimes intravenously. 
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Pentavalent antimony compounds are reported to be more effective 
than the trivalent compounds in the treatment of kala azar and tryp- 


anosomiasis. They 

are reported to be less toxic, causing fewer side 

reactions, but they are more difficult to 
Compounds of this type include: 

prepare and are more expensive. 


0 


0 


II 


II 

NH—C—CH« 

nh 2 

| 

NH—C—NHj 

f 

1 

h 

A 

k 

/ 




ONa 

r 

ONa 

T 

ONH 4 


/ 

1 / 

1 / 

Sb—OH 

Sb—OH 

Sb-OH 


\ 

\ 

\ 


0 

O 

0 


Btibosan 

8tibamino 

Urea •tibamln® 


NHCeHuO* NHC*H u 0 6 NHCeHuO* 



NoobUuu 

(atibarninc fcluooaide) 


Polymerized p-(2,4-diamino-l,3,5-triazin-6-ylamino)phenylstibonic 
acid, employed as its sodium salt, cures an infection of Trypanosoma 
equiperdum with a single treatment; the dose required is but Moo that 
of the tolerated dose. 1 
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CHAPTER XII 

METALLIC DERIVATIVES OF ORGANIC COMPOUNDS 
ORGANOMETALLIC COMPOUNDS 

In true organometallic compounds the metal is attached directly to a 
carbon atom. Such compounds are important in the field of chemis¬ 
try. 1 * 2 * Except for the mercury compounds (unless arsenic and anti¬ 
mony are also considered to be metals) none is used directly in medicine 
or for medicinal purposes. Organolead compounds have been tried 
in the treatment of cancer.* Organogold compounds have been pro¬ 
posed and tried for the treatment of tuberculosis. 4 Up to the present 
time, neither lead nor gold compounds have given any particular encour¬ 
agement to their advocates. As a general rule, all organometallic com¬ 
pounds are extremely toxic; even the therapeutically valuable mercu¬ 
rials are toxic to microorganisms and may be used as disinfectants only 
because of their greater relative toxicity to these parasitic organisms 
than to the host. 

Aside from the bactericidal use of several organomercurials and the 
technical use of tetraethyllead as an antiknock in motor fuels, the or¬ 
ganometallic compounds are most useful in syntheses. 

Tetraethyllead is prepared technically from ethyl chloride and an 
alloy of sodium and lead: 4C 2 H 5 C1 + 4PbNa—► (CtH») 4 Pb + 4NaCl 
4- 3Pb. It is a liquid at ordinary temperatures and boils at 198-202°. 
Fortunately its wide use in motor fuels has not given rise to a poisoning 
of the atmosphere as was at first feared, and, when properly handled, it 
produces no particular industrial hazard. 

GRIGNARD REAGENT 

The alkylmagnesium halides, general formula R—Mg—X, have shown 
themselves of considerable value in the synthesis of many physiologi¬ 
cally active compounds. 

1 See the excellent chapter on this class of compounds in Gilman’s Organic Chem¬ 
istry, 489-580, John Wiley and Sons, New York, 1943. 

* See also Gilman, Science, 93, 47 (1941). 

• Bischoff el al., J. Pharmacol., 34, 85 (1928). 

4 Fischl u. Schlossberger, Handbuch der Chemotherapie, Fischers, Leipzig, 1934. 
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GRIGNARD REAGENT 
Victor Grignard published his first 

sytsiMs css.*rirtf - ^ — 

pounds are universally known as Grignard reagents. 

Thev mav be very simply prepared by allowing an alkyl halide, or an 
aromatic halide, to react with magnesium in Gre pr^e^o^nhydrous 

and alcohol-free ether (Grignard ether): R-X + Mg 

Best results are obtained with the bromides and iodides. Chlorides act 

TMurh more sluggishly, and fluorides not at all. 

The versatility of the RMgX compounds is shown by the reactions: 

1. With an active hydrogen atom, e.g., 

fa) R—Me-X + HOH —► R—H + HO-Mg—X 

6 R-Mg-X + R'OH X 

(c) R-Mg-X + H-N < —R-H + >N Mg X 

All these reactions are quantitative and form the basis for the quantitative deter- 

Grignard reagent, into the hydrocarbon. 


2. With carbonyl groups and nitriles, e.g., 


(a) R-Mg-X + R'-C=0 

R" 


R'— 

l X R 


,OMg—X 


R 


tt 


In this reaction the compound R'—CO R" may be an aldehyde or 
ketone. 

OMg—X 

i 

(b) R-Mg-X + R'-COOEt —> R'-C-R 


OMg—X 

I 

R—Mg—X + R'—C—R —: 

I 

OEt 

The Grignard reagent reacting with esters is likely to take both routes, 
although it is frequently possible to control the course so that predomi- 

i Compt. rend., 130, 1322 (1900). 
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nantly the ketone intermediate may be obtained. 

(c) R—Mg—X + R'—C=N—>• R'—C=N—Mg—X 

I 

R 

The magnesium complexes formed in these reactions are readily decomposed by 
means of water or acid yielding the desired carbinol or ketone. 

A special application, in which the Grignard reagent C 8 H,—Mg—Br is employed, 
is the Barbier-Wieland method of “ counting ” carbon atoms, for example, in the bile 
acids. The ester of the acid is converted into a tertiary alcohol; the alcohol is oxi¬ 
dized, giving diphenyl ketone and an acid with one less carbon, and the process is 
repeated until the formation of an acid is no longer possible. These reactions may be 
shown with the ester of cholanic acid: 

CH, 

Ci 9Hj,CHCHiCH,COOEt Br C,,H„—CHCH a CH,C=(C,H.)i 

I I 

CH, OH 

Ci.HuCHCH.COOH 22* Ci .H„CH—COOH 

I I 

CH, CH, 

nor-Cholaoio acid bia-nor-Cbolaoio acid 

repeat eaterification 
Grignird ftiuToiuiation 

The fact that on the third Barbier-Wieland step a ketone was obtained means that 
the original carboxyl group of the acid was the third from a tertiary carbon atom. 

3. With ethylene oxide or its derivatives, e.g.: 

R—Mg—X + CH 2 —CH 2 —>■ R—CH 2 —CH 2 —OMgX 

\/ 

O 

HQH 

—► R-CH 2 CH 2 OH 


This method is very convenient for the synthesis of primary alcohols. 

A number of compounds considered are not true organometallic compounds. 
Many of them might be looked upon simply as salts and metallic derivatives 
of organic compounds. 


GOLD COMPOUNDS 

Gold, as one of the precious metals, was highly regarded as a medicinal 
agent in early times. It was used in the treatment of syphilis at the time 
of Paracelsus. Later, gold compounds were introduced for the treat¬ 
ment of tuberculosis because gold salts were bactericidal to the tubercle 
bacillus when tested in vitro. It was found that effective concentrations 
of gold could not be maintained in the body with safety and that the 
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results that could be obtained were disappointing. The literature rela- 
S to the use of gold salts for the treatment of tubercul-s,chron 
arthritis, cancer, and other diseases >s very extensive Thego dsalts are 
now used to treat lupus erythematosus and rheumatoid arthritis. »e 
inorganic salt, gold and sodium thiosulfate, is probably the most effective 
agent. Organic derivatives that have been used include: 

Krysolgan (Sodium 4 -Amino- 2 -aurothiosalicylate) was used to some 
extent in continental Europe for the treatment of tuberculosis, but it has 
been largely replaced by triphal. 


O 



NH, 

Kry»ols*n 


COONa 



Triphal N.N.R. (Sodium Aurothiobenzimidazolecarboxylate), is a 

light yellow powder, readily soluble in water forming a slightly alkaline 
solution. It contains about 44 per cent gold. It is reported to be 
less toxic than krysolgan and is claimed to be effective in the treatment 
of lupus erythematosus. It is administered intravenously in sterile 
solution. Solutions of the salt are stable but readily decomposed by 

Sodium Auromercaptoethanesulfonate (Crysethane), Au(SCH 2 CH 2 - 
S0 3 Na) 3 , is useful for the treatment of tuberculosis and of Asiatic 
relapsing typhus. It is prepared by allowing auric chloride to react 
with the sodium salt of mercaptoethanesulfonic acid. 1 2 

Calcium Aurothiopropanolsulfonate (Chrisanol), (AuSCH 2 CHOHCH 2 - 
S0 3 ) 2 Ca, containing 47 to 49 per cent gold, is employed as an anti- 
tubercular agent. 1 

Gold Thioglucose (Aurothioglucose, Solganal B) is a water-soluble 
compound containing 50 per cent gold. It is administered by injection 
in suspension in oil to retard absorption and prolong the effect. It is 
used against lupus erythematosus and rheumatoid arthritis. 


1 Lipovich, J. Applied Chem. ( U.S.S.R .), 18, 718 (1945); C.A., 40 6407 (1946) 

2 Lipovich and Mones, J. Applied Chem. (U.S.S.R.), 18, 20 (1945); C.A., 39, 5399 
(1945). 
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H,C-COONa 
Au-S-HC-COONa 


Gold thioglucoM Gold sodium 

thiomalato 

Gold Sodium Thiomalate (Sodium aurothiomalate, Myocrisine) is a 
water-soluble compound containing about 50 per cent gold. It is used 
by intramuscular injection to secure the antibacterial and antiarthritic 
effects of gold which is believed to be enhanced by the Au—S— linkage. 

SILVER COMPOUNDS 

Silver was one of the first metals known in the pure state. Conse¬ 
quently, it is not surprising that it was used in very early times. The 
use of silver compounds was greatly expanded after Paracelsus advo¬ 
cated them in the treatment of diseases of the nervous system. A 
definite relationship was believed to exist between the moon and silver, 
and the moon goddess (Luna) was thought to control insane individuals 
(lunatics). Hence lunar caustic (silver nitrate) came into use for the 
treatment of epilepsy, etc. 

The compounds of silver are now used primarily for their local activity 
as antiseptics and germicides. Inorganic salts such as silver nitrate 
yield silver ions which precipitate protein. Certain salts of organic 
compounds, such as silver lactate and silver picrate which yield silver 
ions, are discussed elsewhere. 

Efforts to produce organic compounds of silver that would be less 
caustic than the ionizable salts have resulted in numerous preparations. 
These consist for the most part of products of unknown chemical con¬ 
stitution formed from protein substances by precipitation with soluble 
silver salts. They are usually classed as strong or mild types. 

Strong silver proteinates are intermediate in activity between the 
ionizable salts of silver and the colloidal silver halides. They consist 
of silver-protein complexes which probably yield a part or most of their 
silver as ions in contact with serous fluids. They contain a lower per¬ 
centage of silver than the mild silver protein-type compounds and are 
called strong because they liberate the highest concentration of silver 
ions. 

Strong Protein Silver, N.F., N.N.R. (Strong Silver Proteinate, Strong 
Protargin), is a brown powder, readily soluble in water but insoluble 
in alcohol, containing about 8 per cent of silver. Products of this type 




SILVER COMPOUNDS 

are made by treating a purified protein with a silver ^ such as si'ver 
nitrate and dissolving the precipitate, after washmg wtih mn»*t** 
protein in aqueous solution, and evaporating the product to dryness 

under reduced pressure. ^ (\HV7\ is 

Protargol, N.N.R., according to the English patent 18478 (1897), 1S 

prepared by adding a concentrated aqueous solution of protalbumose 
to silver nitrate solution, collecting and washing the precipitate, and 
dissolving it in a solution of deuteroalbumose in water, heating until 
clear, and evaporating to dryness under reduced pressure. 

Mild Protein Silver, U.S.P. (Mild Silver Proteinate, Mild Protargm), 
and a number of trademarked preparations, e.g., Argyn, N.N.R., is a 
colloidal preparation of silver oxide and serum albumin; Cargentos, 
is a colloidal silver preparation made from silver oxide and a modified 
casein; Silvol, N.N.R., consists of colloidal silver with an alkaline 
proteid; and Solargentum, N.N.R., is a colloidal form of silver and 
gelatin. All of these are brands of the official product except argyrol. 
They contain about 19 to 25 per cent silver. They consist of yellow 
to brown scales, soluble in water, with the formation of a low concentra¬ 
tion of silver ions, and are called mild to differentiate them from the 
strong type. Argyrol (silver vitellin) is a colloidal silver, held in suspen¬ 
sion by a protective colloid (protein), containing about 20 per cent of 
silver. 

The silver proteinate preparations are used as antiseptics. In general, 
the strong proteinate type is more strongly germicidal and more irritant 
than the mild type. Solutions should be prepared freshly since, on 
standing, the concentration of silver ions may increase and cause 
increased irritation. Some of the uses and forms of application of these 
products are summarized in Table 50. 

TABLE 50 

Silver Proteinate Products and Their Uses 


Strong Protein Silver, 
Per Cent 


Mild Protein Silver, 
Per Cent 


Solutions 

Eye, nose, and throat 
Gynecological practice 
Irrigations, urethral 
Sprays, nose and throat 
Swabs and tampons 
Suppositories, urethral 
vaginal 
rectal 

Ointments, ophthalmic 
gynecological 


0.5-10 

2-10 

1 : 2000-1 : 1000 
0.5-10 
1-2 
5-10 
5 

5-10 


10-50 

1 : 1000 
10-20 
20-30 
15-25 
15-25 
15-20 
25-50 
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It will be noted that the protein silver compounds are employed almost 
exclusively for application to the mucous membranes of the eye, nose, 
throat, urethra, bladder, and colon. They are used to treat numerous 
infections. Excessive use has led to argyria in some cases. 

MERCURY COMPOUNDS 

Mercury has been used as a therapeutic agent since ancient times. 
Until the discovery of arsphenamine in 1905, it was the only effective 
agent available for the treatment of syphilis. Inorganic compounds, 
such as red mercuric oxide, mercuric chloride, yellow mercurous iodide, 
and various preparations such as mercury with chalk, were administered 
orally. These have been abandoned because of the gastrointestinal 
symptoms which they cause. In recent years, several organic com¬ 
pounds of mercury have been introduced. They have been found to 
have a limited usefulness in the treatment of syphilis, but a number of 
them have proved of value as diuretics and as general antiseptics and 
disinfectants. 

Preparation 

A number of methods for the preparation of organic mercurial com¬ 
pounds have been developed. In general, mercurated compounds can 
be formed whenever an easily replaceable hydrogen atom or group is 
available. The more important methods of preparation are indicated 
by the following equations: 

1. RH + HgX 2 —> RHgX + HX 
2RHgX + 2HgX —> R 2 Hg + 2HgX 2 

2. RMgX + HgX 2 —■> RHgX + MgX 2 

3. 2RMgX + HgX 2 —*• R 2 Hg + 2MgX 2 

4. RNzX + HgX 2 + 2Cu —>■ RHgX + 2CuX + N 2 

5. 2RB(OH) 2 + 2HgX 2 —> 2RHgX + 2HX + B 2 0 3 + H 2 0 

6. RSO.X + HgX 2 —> RHgX + HX + S0 2 

7. RCOOH + HgX 2 —► RHgX -f HX + C0 2 

Mineral acids that cleave mercurials must be removed to effect 
reactions. 

Properties 

The organic mercury compounds differ from the inorganic compounds 
chiefly in that they do not ionize readily; the degree and ease with which 
they ionize vary for different compounds. Thus most of them do not 
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yield a precipitate with hydrogen sulfide. Even so it is believed that 
those organic mercurials that are employed as antiseptics act by com¬ 
bining with the sulfhydryl of the bacterial proteins. Thus cysteine has 
the ability to neutralize the antibacterial action of mercuric chloride. 
Because they do not ionize readily, they are less irritant to the tissues 
than mercuric chloride, do not corrode instruments, and can be applied 
to mucous membranes. A number of them can be injected for their 
systemic activity as diuretics or in the treatment of syphilis. 

Water-soluble organic mercury compounds are primarily diuretic, 
acting directly on the water-salt balance between the tissues and the 
blood. Water-insoluble mercurials, soluble in lipoids, have antiluetic 
but no diuretic properties. 1 

The alkylmercury compounds are toxic. Recent work, however, 
shows them to be active skin-sterilizing agents. Using the in vivo “ skin 
graft ” technic with 0.0036 molar solutions of alkylmercury chlorides in 
70 per cent ethanol it was possible to obtain a high percentage of sterile 
skin snips. The results are given in Table 51.* 


TABLE 51 


Alktlmercury Chlorides 


R—Hg—Cl 

R - 

Melting Point 
°C. 

Per Cent Sterile Skin 
Snips with 0.0036 A/ In 

70 Per Cent EtOH 

Methyl 

174-5 

91.7 

Ethyl 

195-6 

83.3 

n-Propyl 

144-5 

81.3 

n-Butyl 

128-9 

93.7 

n-Amyl 

127-8 

97.6 

n-Heptyl 

120-1 

87.2 


The organic mercurial compounds may be conveniently grouped as 
follows: 

1. Substitutes for mercuric chloride. 

Mercuric Cyanide, N.F., N.N.R., Hg(CN) 2 . 

Mercuric Oxycyanide, N.N.R., Hg(CN)*-HgO. 

2. Substitutes for mercuric chloride and also used for the treatment 
of syphilis. 

Mercuric Benzoate, N.N.R., (C6H s C00) 2 Hg-H 2 0, the mercuric salt 

1 Breyer, Biochem. Z. t 301, 65 (1939). 

* Bush and Bass, J. Pharmacol., 74, 95 (1942). 
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of benzoic acid. It is used locally for the irrigation of the urethra in 
gonorrhea in solutions of 1: 2000 to 1:1000 concentration and by intra¬ 
muscular injection in 2 per cent solution for the treatment of syphilis. 
Sodium chloride or ammonium benzoate is often used to increase the 
solubility of the salt. 

H 2 C—CO OC—CH a 

\ / 

N-Hg-N 

/ \ 

H a C—CO OC—CHa 

Mercuric luccinimide 


0 

✓ 



Mercuric salicylate 


Mercuric Salicylate, N.F., N.N.R., contains about 57 per cent Hg. It 
is a white or slightly yellow powder, insoluble in water and in alcohol, 
possibly of the structure indicated. It can be prepared by heating freshly 
precipitated mercuric oxide with salicylic acid in the presence of a little 
acetic acid. It dissolves readily in alkalies and is precipitated from the 
alkaline solution by acids. It is used in suspension in bland vegetable 
oils for intramuscular injection in the treatment of syphilis, other sub¬ 
stances such as ethyl aminobenzoate, quinine and urea hydrochloride, 
and chlorobutanol often being added to reduce the pain at the site of 
injection. 

Mercuric Succinimide, N.F., N.N.R., structurally is the salt of an 
ammono acid. It is the mercuric salt of succinic acidimide, a white, 
crystalline powder, soluble about 1:20 in water, stable in air but darken¬ 
ing on exposure to light, and containing about 50 per cent Hg. It is 
reported to be nonirritant. It is administered intramuscularly in 
aqueous solution. 

3. Mercurial compounds used as general antiseptics. These com¬ 
pounds are, in general, less irritating and toxic than the inorganic salts 
of mercury, and they often are more strongly bactericidal. 

Merbromin, N.F., N.N.R. (Mercurochrome Soluble, 2,7-Dibromo-4- 
hydroxymercurifluorescein), was the first of the organic mercurials to 
be introduced as a general antiseptic. It was prepared in 1918 with 
the specific idea that its blandness, bactericidal value, and especially its 
penetrating power would make it suitable for the treatment of gonorrhea. 
First it was used in infections of the urethra only, then in the bladder, 
then in the kidney, then in ophthalmology and laryngology, surgery, and 
then as a general antiseptic. The synthesis from dibromofluorescein 
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may be indicated as follows: 



Merbromin 


It is used in the form of tablets for oral administration, 2 to 10 per 
cent solutions for local applications, a 5 per cent starch paste as a wet 
dressing, 2 per cent in suppositories, powder, applicator sticks, and sterile 
solution in ampuls for parenteral administration. 

It is a nonirritant antiseptic extensively used for disinfection of the 
skin and mucous surfaces and wounds as well as against infections of the 
genitourinary tract. It is a dye, coloring fabric red. Stains from mer- 
curochrome can be removed by washing with a solution of sodium 
hypochlorite. 
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COONa 

Hg-C2Hs 


Merthiolate 

Merthiolate, N.N.R. (Sodium Ethylmercurithiosalicylate), is a cream- 
colored powder containing about 49 per cent Hg, soluble in water and 
physiological salt solution. It forms stable solutions miscible with alco¬ 
hol and soaps. It does not stain tissues or fabric. It is a rapid and 
effective antiseptic and germicide used as a general antiseptic and for the 
disinfection of instruments, etc. It is employed in various forms as 
follows: 

1:1000 solution in wound, nose, and throat infections; 2:1000 for 
instrument disinfection; 1:5000 for eye instillation; 1:10,000 to 1:5000 
for bladder and urethral irrigation; 1:1000 tincture for skin disinfection. 
Other forms for its administration and application include: 1:1000 jelly, 
suppositories, and cream, and a 1:5000 ophthalmic ointment. 

Nitromersol, N.F., N.N.R. (Metaphen, The Anhydride of 4-Nitro-3- 
hydroxymercuri-o-cresol), is a yellow powder, insoluble in water, con¬ 
taining about 56.5 per cent Hg. It is a relatively nonirritating and 
effective germicide used to disinfect the skin, for applications to mucous 
membranes, etc., like the other mercurial antiseptics. It is available in 
the following forms for application and administration: 

1:5000 to 1:1000 solution in oil for irrigation of eye, ear, nose, throat, 
ureters, etc.; 1:2500 solution in alkaline water for the disinfection of 
instruments, rubber, etc., and treating skin infections; 1:1000 ampuled 
solution for intravenous administration; 1:500 ointment for scabies, 
ringworm, and parasitic skin diseases; 1:3000 ophthalmic ointment; 
1:2000 vaginal suppositories; 1: 1000liquid soap; 1:500 bar soap; 1:5000 
with 1 per cent ephedrine for colds, sinus, and nasal infections, etc.; 
1:2500 with ephedrine 1 per cent and mineral oil as a nasal spray. Other 
organic mercurials used as general antiseptics include, 



HgNOa HgOH 

Merphenyl nitrate 




ch 3 



NO* 

Metaphen, 
sodium salt 


Meroxyl 
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Mercurol, an organic compound of unknown structure, is prepare 
from the nucleic acids from yeast. It does not coagulate albumin and 
possesses marked bactericidal power; it is used as a local antiseptic. 

4. Mercurial compounds used chiefly as diuretics. These include 
some of the most powerful and uniformly effective diuretics. Some of 
these substances were introduced originally as antisyphilitic drugs. 
They were found to be strongly diuretic and have been retained for this 
use in general therapy. 

Merbaphen, U.S.P. (Novasurol), is a white, crystalline powder, con¬ 
taining about 33.5 per cent Hg, soluble in water, forming slightly alkaline 
solutions. It is usually administered by intramuscular or intravenous 
injection in 10 per cent solution. 

OC—N CH 

I II ✓ \ 

(C 2 Hs) 2 =C C—OHg—C C—Cl 

II I II 

OC—NH HC C—O—CHj—COjNa 

\ / 

CH 

Merbaphen 


Mersalyl, U.S.P. (Salyrgan), contains about 40 per cent Hg. It is used 
like merbaphen as a diuretic to treat cardiac edemas, etc. Mersalyl 
and Theophylline Injection, U.S.P., is used for the same purpose as 
salyrgan. 


yv / 0-CH,-C00Na 

On/ 

C—NH—CHj—CH—CHsHgOH 

I 

OCHj 

Mersalyl 


Mercurin, N.N.R., is a white, amorphous, insoluble powder. Mer- 
curin is an amide formed from a substituted propylamine and cyclo- 
pentanedicarboxylic acid of the structure indicated. It is used in the 
form of rectal suppositories as a diuretic. Mercupurin, N.N.R., is a 
combination of mercurin with theophylline used in the form of 10 per 
cent solution. 
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CH 3 

CH 3 — C - CH—CO—NH—CH*—CH—CH*—HgOH 

\ 1 

CH, OCH, 

/ 

CHj—C-CH 2 

COOH Mercuric 

Mercurophylline Injection, U.S.P., N.N.R. (Mercuzanthin), is a 
sterile solution in water of the sodium salt of /3-methoxy-7-hydroxy- 
mercuripropylamide of trimethylcyclopentanedicarboxylic acid (Mer- 
curin) plus an equimolar amount of theophylline. Usually it is injected 
intramuscularly in an amount equivalent to 0.1 gm. of Mercurin and 
40 mg. of theophylline. The combination is also administered in tablet 
form. It is a powerful diuretic used in edema caused by cardiac or 
kidney disease. The theophylline increases the absorption of the mer¬ 
curial compound and also reduces the toxicity. 

Meralluride, N.N.R., is a derivative of an equimolar mixture of 
theophylline and mercurated allylsuccinylurea, 

CH 3 O—CHj—CH(HgOH)CHi—NH—CO—NH—CO—CH 2 —CH 2 —COOH 

It is usually administered as a diuretic by intramuscular or intravenous 
injection in the form of a solution adjusted to a pH of 7.5 by the addition 
of sodium hydroxide. 

5. Insoluble mercurial compounds for external use. Oleate of mer¬ 
cury may be mentioned as a representative of this class of compounds. 

BISMUTH COMPOUNDS 

Certain bismuth compounds, such as the subcarbonate and subgallate, 
have been mentioned previously as useful in the treatment of diarrhea, 
dysentery, and other conditions. Other bismuth compounds have come 
into use in comparatively recent years (since about 1920) for the treat¬ 
ment of syphilis. To a large extent they have replaced the mercurials. 
The bismuth compounds are regarded as inferior to the arsenicals, but 
they are of great value especially when used in conjunction with the 
latter. 

A very large number of bismuth compounds have been prepared and 
suggested for use. Chemically, they are difficult to classify since the 
structures are not definitely known. They can be classified according 
to their solubilities and the nature of the preparation in which they are 
used. 
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Water-soluble Compounds 

Bismosol, N.N.R., is a pale yellow solution containing 10 per cent of 
potassium sodium bismuthotartrate in a sterile solution of glucose 
with 0.3 per cent piperazine. Potassium sodium bismuthotartrate 

contains about 35 per cent of bismuth. 

Bismuth Sodium Tartrate, N.N.R., is a white powder containing about 
73 per cent of bismuth. It is usually administered in an aqueous 
sucrose solution with a small amount of benzyl alcohol. 

Bismuth and Potassium Tartrate, U.S.P., is similar to the sodium 
compound. It contains about 69 per cent of bismuth. It is adminis¬ 
tered as an aqueous solution or as a suspension in a fixed oil. 

Bismuth Ethylcamphorate, N.N.R., is prepared by the reaction be¬ 
tween sodium ethylcamphorate and bismuth nitrate in aqueous glycerol 
solution. It contains about 22 per cent bismuth. It is usually em¬ 
ployed in the form of a solution in oil with added camphor and benzyl 
alcohol. 


Propylene Glycol-soluble Compounds 

Sobisminol Solution is a solution of the products of the interaction 
of sodium bismuthate, triisopropanolamine, and propylene glycol. It 
contains 20 mg. of bismuth in each cubic centimeter. 

Oil-soluble Compounds 

Bismocymol, N.N.R., is the basic bismuth salt of camphorcarboxylic 
acid dissolved in olive oil; the salt contains about 38 per cent bismuth. 

Quiniobine (Quinine Bismuth Iodide, N.N.R.) contains about 19 per 
cent bismuth; it is rendered soluble in olive oil by the use of lecithin. 

Thio-Bismol, N.N.R. (Bismuth Sodium Thioglycollate), Bi(SCH 2 - 
C0 2 Na) 3 , is prepared by the reaction between sodium thioglycollate 
and bismuth hydroxide. It contains about 38 per cent bismuth. 

Insoluble Compounds 

Bismuth Subsalicylate, U.S.P., is administered as a suspension con¬ 
taining 10 per cent of basic bismuth subsalicylate in peanut oil. Bis¬ 
muth subsalicylate contains about 64 per cent of bismuth. 

Mesurol is a basic bismuth methoxyhydroxybenzoate containing 20 
per cent bismuth suspended in sesame oil. 

Tartro-quiniobine is a suspension of quinine bismuth iodide and 
sodium potassium bismuth tartrate in olive oil. 

The water-soluble, oil-soluble, and oil suspensions of the bismuth- 
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containing compounds are usually administered by intramuscular 
injection. In general, the water-soluble compounds are absorbed and 
excreted more rapidly than the oil-soluble and insoluble compounds. 
A preparation known as Sobisminol Mass has been introduced for 
oral use. It is administered in capsules, each capsule representing 
150 mg. of bismuth. 

Practically all the preparations of bismuth contain the metal in 
the electropositive form (cation), but iodobismitol and sobisminol are 
reported to contain the metal in the electronegative form (anion). 
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CHAPTER XIII 

HETEROCYCLES CONTAINING ONE HETEROATOM 


OXYGEN HETEROCYCLES 


The simplest oxygen-containing heterocycle is ethylene oxide, b.p. 
10.7°, soluble in water. It may be prepared in yields of 90 per cent 
by adding concentrated sodium hydroxide solution to a boiling solution 
of ethylene chlorohydrin. 


CH 2 OH 

I 

CHjCl 


CH 2 X 


As a three-membered cycle it is very reactive. Typical reactions are 
1. With alcohols to form hydroxyethyl ethers, e.g.: 

CH 

I No 525 r-o-ch j ch i -oh 
CH/ 


?\> HO—CHjCHj—O—CH 2 CH 2 —OH 

CH/ 

Products of this type are widely used for industrial solvent purposes, e.g., 
Cellosolve. 

2. With Grignard reagents to form substituted ethanols, e.g.: 

R ^M §r x R —CH 2 CH 2 O—MgX 

CH 2 / 

This reaction with phenyl magnesium halide is employed in the synthesis of 
phenylethanol, an alcohol that is found to occur naturally in oil of rose and 
other volatile oils. 

Substituted ethylene oxides, R—CH—CH 2 , possess properties analo- 

\/ 

0 

gous to those of the unsubstituted compound. It is suggested that the 
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properties of ethylene oxide may be better explained if the formula is 
written : l 

CH 2 =CH 2 

i 

O 

Trimethylene Oxide, or its derivatives, are not well known, and no 
member of this group seems to have become of importance in medicinal 
or pharmaceutical chemistry. 

CH2—CH 2 

I I 

CH,—O 


Tetramethylene Oxide or tetrahydrofuran, is an ether, and it should 
exhibit all the properties characteristic of an ether. The cycle com¬ 
posed of four carbon atoms and one oxygen atom is quite important. 
Derivatives of tetramethylene oxide may be divided into three groups: 


CHr-CH^ 
CHj—CH/ 


(а) 7 -Lactones which are really intramolecular esters (see p. 265). 

( б ) Anhydrides of succinic acid, or derivatives of succinic acid. These com¬ 
pounds have been discussed (see page 239). 

(c) Unsaturated tetramethylene oxide or furan, 


CH=CIL 

ch=ch/ 


some derivatives of which are especially well known and abundantly available. 
Furan may be looked upon as an isoster of benzene, a relationship which is borne 
out by its resonance energy of 23 kg.-cal. per molecule and by the chemical 
properties of certain of its derivatives as compared to the correspondingly sub¬ 
stituted benzenes. 


Furan, b.p. 31-32°, is a colorless liquid, possessing an odor resem¬ 
bling that of chloroform. It is stable to alkali but unstable to acids. 
a-Methylfuran, b.p. 63°, also known as sylvan, is found in beechwood 
oil. The alcohol, known as furfuryl alcohol, is found in cloves and in 
roasted coffee. It distils at 170-171°. 



Furfuryl alcohol 


1 Walsh, Nature, 159, 165 (1947). 
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Furfuraldehyde (Furfural) is the best known of the furan compounds. 
It is obtained by the dehydration of the naturally occurring pentoses, 
the commercial sources being oat hulls and corncobs. 


noVCH—CH^OH ;_ jhoh 
H fC H /^H/ 
(HOjp 0 CH0 


CH—CH 
CH C—CHO 

V 

Furfuraldehyde 


A similar dehydration of glucose to form the substituted furfural¬ 
dehyde is the basis for the Molisch reaction. The aldehyde with 
a-naphthol layered over concentrated sulfuric acid forms a characteristic 

Furfuraldehyde, b.p. 162°, behaves much like benzaldehyde, e.g., it 
undergoes the following characteristic reactions: 

1. The Cannizzaro reaction: 

2C4H1O—CHO ^ C*HjO—CHjOH + C.H.O-COOH 

Furfuryl alcohol Furoio acid 

2. Perkin reaction: 

AciO 


C,H 3 0 —CHO + HiCH—COONa 
3. Benzoin type condensation: 


C*HjO—CH=CH— COOH 

Furylacrylic acid 


2 C«HjO—CHO ^ CJfjO—CHOH—CO CJIjO 


Furoin 


syn-Furfuraldoxime, though slightly astringent, is ten times sweeter 
than sucrose and may be employed as a sweetening agent in sauces, 
salads, etc. It also exhibits antiseptic and antifungal properties. 1 

Nitrofurazone, N.N.R. (Furacin, 5-Nitro-2-furfural Semicarbazone), 
is an odorless, yellow-colored, crystalline powder, soluble in water about 
1 : 4200, slightly soluble in alcohol, propylene glycol, and polyethylene 
glycols, and insoluble in ether. It is used for its bacteriostatic and 
bactericidal properties in a hydrophyllic ointment base applied directly 
or on dressings against infections in wounds, burns, and skin diseases. 

HC-CH 

II II 

O 2 N—C C—CH=N—NH—C—NH 2 

\ / II 

o 0 

Nitrofuraxone 

i Murata and Kiriyama. Repi. Osaka Municipal Research Inst. Domestic Sci. f 17, 
No. 1, 195 (1946); C.A., 41, 4790 (1947). 
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It; is inhibitory in concentrations of 1 : 2-3 X 10‘ and bactericidal at 
1 I 5—7.5 X 10. 

Of 42 furan compounds examined only some with the nitro group in 
position 5 were active; of 17 of these furacin proved most active.' 
Furacin is of interest also because it is the only known semicarbazone 
to exhibit therapeutic activity. Administered orally to mice it protected 
those animals infected with lethal doses of S. aureus, Strep, hemolyticus 
and Salmonella. 2 

Benzofuran, a compound which may be looked upon as furan with 
a benzene nucleus fused to the ^-positions, is the oxygen analog of 
indole. Since neither this compound nor any of its derivatives find ap¬ 
plication in pharmaceutical chemistry, it will not be further discussed. 


CH 

^ \ 

HC C-CH 

I II II 

HC C CH 

\ / \ / 

CH 0 


Thiophene and Benzothiophene are the sulfur analogs of furan and 
benzofuran respectively. 

CH 

x \ 

CH-CH HC C-CH 

II H I II II 

CH CH HC C CH 

\/ \/\/ 

S CH S 

Thiophene Bensothiopheno 

Thiophene is more isosteric with benzene than with furan. It possesses 
many physical properties that are very close to those of benzene, and, 
since it is obtained in coal distillation products, it is difficult to remove. 
Thiophene is reported to cure gonorrhea. 3 The pressor activity of a 
given member of the a-thienylaminoalkanes is remarkably similar to 
that of the corresponding phenylaminoalkanes. 4 

L-Thienylalanine, C4H3SCH2CH(NH2)COOH, is a microbiological 
inhibitor, its effect being overcome by phenylalanine. D-Thienylalanine 
is inactive. 6 


1 Dodd and Stillman, J. Pharmacol., 82, 11 (1944). 

* Dodd, J. Pharmacol., 86, 311 (1946). 

* Bory and Loeper, Bull. acad. mid., 123, 397 (1940); C.A ., 36, 2924 (1942). 
4 Blicke and Burckhalter, J. Am. Chem. Soc., 64, 477 (1942). 

6 Ferger and du Vigneaud, J. Biol. Chem., 174, 241 (1948). 
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A benzothiophene analog of 2-methylnaphthoquinone, where one 
sulfur atom replaces one —CH=CH— grouping in the benzenoid ring, 
shows vitamin K activity. 1 

Heterocycles containing tellurium as the heteroatom are bactericidal. Cyclo- 
telluropentane-3,5-dione > 

/CHj—COv 

T< /CHj 

XJH,—CO / 


is toxic to E. celt in concentration at 2 X 10-«, and its dioxime is one-third as active. 
Dialkyl derivatives are slightly more active. They are also toxic to typhoid and 
staphylococci. Their activity is explained on the basis of a structural similarity to 
pyridoxine.* 

Pyran is^the unsaturated pentamethylene oxide. Benzopyran is 
particularly"important as the parent substance of many plant pigments. 


CH 2 

/ \ 

HC CH 

II II 

HC CH 

\ / 

O 

Pyran 


CH CH* 

/ \ / \ 

HC C CH 

I II II 

HC C CH 

X / \ / 

CH O 

Bcnxopyran 


The pyran ketones, called 5-pyrones, are unusual in that the hetero¬ 
oxygen atom possesses basic properties and hence may form oxonium 
salts, thus: 


CO 

/ \ 

HC CH 
II II 
HC CH 


\ / 

0 

/ \ 

H X 


OH 

I 

C 

/ X 

HC CH 
or | II 
HC CH 

X / 

O 

I 

X 


Such oxonium salts are widely distributed in nature (see page 518). 

1 Tarbell, quoted by Pauling, Chem. Eng. News, 24, 1377 (1946). 

* Gulland and Farrar, Anales farm, y bioqulm. (Buenos Aires), 15, 73 (1944); C.A., 
40, 169 (1946). 
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It will be observed that these compounds are analogous to the am¬ 
monia-ammonium relationship. 


CO 

/ \ 

HC C-OH 

II II 

HC C-CH 3 

\ / 

o 

Maltol 


CO 


/ \ 

HC C—OH 

II II 

HOOC—C C—COOH 


\ / 

0 


Meconic add 


Maltol (2-Methyl-3-hydroxypyrone) is found in fir needles and in 
the bark of the larch. It is also obtained in small amounts during the 
distillation of wood and of cellulose. 

Meconic Acid has been isolated from opium. 

Anhydro-3-hydroxymethylenetetrahydro- 1,4-pyrone- 2 - carboxylic 
Acid, m.p. 109.5-110.5°, is an antibiotic which may be isolated from the 
cultures of various organisms. 1 

Coumarin, N.F., is the odoriferous principle of the tonka bean and of 
new-mown hay. It is the lactone of o-hydroxycinnamic acid. It may 
be prepared from phenol by the following reactions: 


NaOH + CHCl. „ TT / CH0 Perkin 

C^OH- .°*< J6.I U 


CH=CH—COOH _ 


HOH 


(Reimer Tiemann) x OH 

Sail cyl aldehyde 


V 

o-Hydroxycinnamic add 



Coumarin is also found to an appreciable extent in sweet clover. In 
improperly cured sweet-clover hay this substance is probably first 
oxidized to 4-hydroxycoumarin, and this then condenses with formalde¬ 
hyde to form 3,3'-methylenebis-(4-hydroxycoumarin) or dicoumarin. 

Dicoumarin is the agent that produces hemorrhagic sweet-clover 
disease in stock that is fed spoiled hay. As little as 0.0026 per cent 
of dicoumarin in dried hay has deleterious or lethal effects. The syn- 

1 Bergel, Morrison, Moss, and Rinderknecht, J. Chem. Soc., 1944, 415. 
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thesis 


is of thishemorrhagic agent in the laboratory has been accomplished. 1 


H 

I 

C 

/ \ 

H—C C—CO—OCHj 


H-C 


C—0—CO—CH* 


/ 


C 

I 

H 


O 

1 il 

c c 

/ \ / \ 

H—C C CH 2 

I II I 

H—C C 0=0 

\ / \ / 

c o 


OH 


OH 


H 

I 

C 


OH 


H-C 


H-C 


C 

I 

H 


C-CHr-C 

I I 

c=o o=c 


C-H 


HCHO 


c 

o c 


C-H 


H-C 


H-C 


C C-H 

II I 
c c=o 

\/ 

o 


H 


4-Hydro xyooumarin 


Dicoumarin, , . 

3,3'-methylenebie-(4-hydro xyooum arm) 

In six patients repeated doses of 200 to 300 mg. daily prolonged pro¬ 
thrombin and clotting time. Vitamin K counteracted this effect. 2 

Eugenin (7-methoxy-5-hydroxy-4-methylcoumarin) has been isolated 
from the oil of wild cloves from the Moluccas. 2 It is accompanied by 
eugenone, 2,6-dimethoxy-4-hydroxyacetophenone. The two products 
probably have a common precursor in acetylphloroglucinol. 

CHj 

OH OCHs OH | 





Acetylphloroglucinol Eugenone Eugenin 

'Stahmann, Huebner, and Link, J. Biol. Chem ., 138, 513 (1941). 

* Townsend and Mills, Can. Med. Assoc. J., 46, 214 (1942); C.A., 36, 2926 (1942). 
»Meyer, Rec. trav. chim., 65, 843 (1946); C.A., 41, 2710 (1947). 
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Anthocyanins 

The anthocyanins, natural plant pigments, are glycosides. The 
isugars most commonly combined with them are glucose, galactose, 
and rhamnose. The aglycons, known as anthocyanidins, are derive 
tives ot 2-phenyl ben zopyran. 


✓9w9s 

?' ? '? s'Z-Vs 

if 

2-Phenylberuopyran 


The oxonium salts of this compound are known as flavyliura compounds. 
They are the hydroxyl-substituted flavylium salts which occur as 
aglycons in the anthocyanins. 1 


TABLE 52 
Anthocyanidins 


Aglycon 

Chemical Name 

Occurrence 

Pelargonidin 

3,5,7,4'-Tetrahydroxy- 
flavylium chloride 

Found in asters and dahlias. 
Present in orange-red to 
scarlet flowers. 

Cyanidin 

3,5,7,3',4'-Pentahydroxy- 
flavylium chloride 

Found in roses and cornflowers. 
Present in crimson to bluish- 
red flowers. 

Peonidin 

3,5,7,4'-Tetrahydroxy- 

3'-methoxyflavylium 

chloride 

Found in peonies. Less blue 
than cyanidin. 

Delphinidin 

S.SJ.S'^'^'-Hexahydroxy- 
flavylium chloride 

Found in delphinium. Present 
in violet to blue flowers. 

Malvidin 
or 8yringidin 

3,5,7,4'-Tetrahydroxy- 

3',5'-dimethoxyflavylium 

chloride 

Less blue than delphinidin. 


The anthocyanidins are linked, in the glycoside, through the 3-hy¬ 
droxyl group. 

The syntheses of these compounds, according to Robinson and Pratt, 
may be illustrated by the preparation of cyanidin: 

1 Geisaman, J. Chem. Education, 18, 108 (1941). 
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o-Hjdroxf* 

acotophcnono 



CCS 


B r r-iH-C> 

OH ^- 


Benia lacctoptaenono 
derivative 


ale. 

KOH 



Flavone, 

2-PbcDyibeDroprrono 


Flavones 1 

Closely related to the anthocyanidins are the flavones or 2-phenyl- 
chromones which are derivatives of 2-phenylbenzopyrone. The syn¬ 
thesis of the parent compound is indicated; derivatives may be prepared 
by starting with properly substituted starting materials. Flavone is 
found in the flower, stalk, leaves, and seed capsules of many varieties of 
the primula. Derivatives are tabulated in Table 53. 


TABLE 53 

Flavones 

Aglycon 

Chemical Name 

Occurrence 

Chrysin 

5,7-Dihydroxyflavone 

Present in poplar buds 

Apigenin 

5,7,4'-Trihydroxyflavone 

Present in celery and parsley 

Luteolin 

5,7,3',4'-Tetrahydroxyflavone 

Present in Dyer’s weed 

Quercitin 

S.SJ.S'^'-Pentahydroxyflavone 

Present in quercitron bark 


1 For an excellent review of the anthocyanins and flavones see Gilman, Organic 
Chemistry, John Wiley and Sons, New York, 1943, 2, 1315-1340. 
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Vitamin P 


Studies on scurvy more than a century ago demonstrated that lemon 
juice corrected all the symptoms associated with this disease, including 
the capillary hemorrhages. It was later believed that vitamin C in the 
citrus juices was the curative factor. When synthetic vitamin C 
became available, however, it was found ineffective in alleviating all the 
scorbutic symptoms related to capillary weakness. This led Szent- 
Gyorgyi and his associates to seek for a substance in lemon that had an 
activity and importance similar to vitamin C. The flavanone glycosides 
of lemon were accordingly isolated in 1936 and termed vitamin P by 
Szent-Gyorgyi (P for permeability factor). 

Many flavanol and flavanone glycosides have been examined for their 
relationship to vitamin Pj, and for their use in treating capillary fragility 
and permeability. Some of these are: hesperidin, eriodictyol, querci- 
trin, rutin, epicatechin, 1 and dried lemon peel infusion. Structural 
formulas for some of the known compounds indicate the type involved: 


0 

OH || 

)W \CH, 


R1 

G| 


l-°U\ A-<3 ^ h 


o 

Eriodictyol glyoocide 
R - rhamnoee 
Q - glucose 


0 

OH B 

rVV-HtoH 

ho v\ o /^ h -<Z5^>h 

Rutin 


OH 0 

i i 



— OCH, 


Aik 

Acid 


Heaperidin 


OH 0 

I II 

c c 



CH S 


Heaperidin ohalcone 


1 Higby, J. Am. Pharm. Assoc., 32, 76 (1943). 
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Rutin (Rhamnoglycoside of Quercetin, Citrin) is a flavanol glycoside 
widely distributed in nature which upon hydrolysis yields quercitrm 
and rutanose. The pure substance isolated from buckwheat has at least 
ten times the activity of crude hesperidin. First used clinically in 1944 
it is reported to be effective against the recurrent hemorrhages caused by 
or related to increased capillary fragility. It is usually administered in 
tablet form. It is believed that rutin is effective, at least in part, in 
overcoming the results of overexposure to radioactivity. 


Vitamin E 

Vitamin E, the so-called antisterility vitamin, was first suspected in 
1922 when it appeared that some then unknown factor was necessary 
for reproduction. In the female showing the deficiency, normal preg¬ 
nancy is followed by fetal death and resorption. Evans and Burr 
observed that unsaponifiable fractions of wheat germ oil relieved these 
symptoms, and they applied the name vitamin E to the unknown 
factor. In 1936, Evans and his co-workers isolated allophanates 
(NH 2 CONH—COOH is allophanic acid) of two compounds from 
wheat germ oil, both of which were active, and known as a- and /3- 
tocopherol, respectively. Within a very short space of time, the struc¬ 
tures of both compounds were determined, and both were prepared 
synthetically. 


CH, 




yC —CH 2 —(CH,),—CH—(CH,),—CH—(CH,),—CH—CH, 
X \ I I I 

CRj CH, CH, CH, CH, 

a-Toeopherol 


/3-Tocopherol is a lower homolog of the a-compound, the methyl in 
position 7 being absent. 7 -Tocopherol is an isomer of /3-tocopherol, 
the 5 position in the aromatic ring being free. 6 -Tocopherol, with the 
methyl groups in both positions 5 and 7 absent, is one of the more abun¬ 
dant members of the vitamin E complex; it constitutes about 30 per 
cent of the mixed tocopherols in soybean oil.* 

The synthesis of vitamin E is achieved by condensing phytyl bromide 
with trimethylquinol in petroleum ether and in the presence of anhy¬ 
drous zinc chloride or acidic condensing agents : 3 

1 Griffith, Couch, and Lindauer, Proc. Soc. Exptl. Biol. Med., 55, 228 (1944). 

* Stern, Robeson, Weisslerand, and Baxter, J. Am. Chem. Soc., 69, 869 (1947). 

* Karrer and Isler, U. S. pat. 2,411,967; C.A ., 41, 1713 (1947). 
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a-Tooopherol (optically inactive) 


a-Tocopherol is about 5/3 times as active as the 0- and y-homologs. 
The next lower homolog (with only one methyl group substituted in 
the aromatic nucleus) is practically inactive. If one of the methyl 
groups in a-tocopherol is replaced by an ethyl group, the product has 
little or no vitamin activity. Decreasing the length of the side chain 
by one or more isopentane groups decreases or completely destroys the 
activity. However, if the phenolic hydroxyl of a-tocopherol, at posi¬ 
tion 6, is replaced by a primary amino group, the resulting compound, 
called tocopheramine, has vitamin E activity quite comparable to 
that of a-tocopherol. 1 Thus it is seen that the structure for E activity 
is quite specific. ^Vitamin E is one of the fat-soluble vitamins. Good 
sources include wheat germ oil, cottonseed oil, lettuce leaves, whole 
rice, water cress, egg yolk, meat, and milk. The unit of potency is the 
activity of 1 mg. of synthetic racemic a-tocopherol acetate. 

Deficiency in the vitamin seems to cause neuromuscular diseases, 
and there have been favorable reports from its use in the treatment of 
muscular dystrophies. Other reports indicate that it is of value in the 
treatment of habitual abortion, sterility, and in the nutrition of prema¬ 
ture babies. It is administered in various forms such as wheat germ oil 
in soft gelatin capsules or pearls, and simply as the oil. 



Pyrethrolone is a keto alcohol occurring in combination with the 
chrysanthemum mono and dicarboxylic acids in the pyrethrins obtained 


1 Smith, Renfrow, and Opie, J. Am. Chem. Soc., 64, 1082 (1942). 

For survey of vitamin E see Smith, Chem. Revs, for October 1940, and “ Vitamin 
E,” a symposium held under the auspices of the Society of Chemical Industry in 
London, April, 1939, published by the Chemical Publishing Co., New York, 1940. 
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from insect flowers, chiefly from Chrysanthemum cinerariaefolium Trev. 
La Forge and Haller 1 - 2 determined the structure. Extracts of pyrethrum 
are employed in the form of lotions and ointments for use as a parasiticide 
in the treatment of scabies. . 

Rotenone is the name given to a complex ketonic compound derived 
from many leguminous plants growing in the tropics and subtropics. 
The search for insecticides that would be nontoxic to warm-blooded 
animals resulted in the isolation of a number of principles especially 
from derris and cub6 root. La Forge et al* established the structure and 
worked out the stereochemical relationships of the isomeric compounds. 
The rotenoid compounds are used as contact insecticides and as stomach 
poisons for lice, aphids, beetles, fleas, etc. Lotions containing rotenone 
are employed as parasiticides. 

Deguelin is dihydrorotenone; that is, the isopropenyl group is hydro¬ 
genated to isopropyl. 

ElUptone is a lower homolog of deguelin; ring 5 is unsubstituted. 
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Pyrrolidine and Pyrrole 

Isosteric with furan is the nitrogen analog with four carbon atoms and 
one nitrogen atom in a cycle. 

HC-CH H*C-CH 2 

II II II 

HC CH H 2 C CH 2 

\ / \ / 

NH NH 

Pyrrole Pyrrolidine * 


I 


H 2 C CO 

\ A* 

NH 

Pyrrolidone 


1 p*~*- 


This type of cycle is very abundant in nature. 

Pyrrolidine (Tetramethyleneimine, Tetrahydropyrrole) possesses all 
the properties of a secondary amine. It is a liquid boiling at 87-88°; 
it forms a solid carbonate with atmospheric carbon dioxide. It may 
be synthesized by the methods: 

H 2 C-CH 2 

—2HBr 

(a) BrCH 2 CH 2 CH 2 CH 2 Br + NH 3 —► H 2 C CH 2 


\ / 

NH 



f CHr-CH 


(6) x _ nh 3 ch 2 ch 2 ch 2 ch 2 nh 3 


L 


L- 


ch 2 —ch 2 


/ 




)NHJ X +NH<X 


(c) Hydrogenation of pyrrole. 

Am. Chem. Soc., 58, 1777 (1936); J. Org. Chem., 2, 546 (1938). 
* La Forge and Barthal, J. Org. Chem., 10, 114 (1945). 

*Chem. Revs., 12, 181 (1933). 
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Proline (Pyrrolidinecarboxylic Acid) is found as the levorotatory 
form in proteins. The racemic modification may be synthesized as 
follows: 


BrCHjCHjCHjBr N * c 5i£^ OEl >- B rCH l CH t CH l CH(COOEt), ^ 
HjC-CH, H,C-CH, 

H 2 C C(COOEt),-^*-H,C C(CONH,),H,C CH—COOH 

I i \ / \ / 

Br Br NH NH 


H2C—CH2 

I I 


Proline 

£'-Hydroxyproline (4-Hydroxyproline) an a-amino acid, is also a 
constituent of proteins. This compound has two centers of asymmetry. 
All four of the possible optical isomers have been synthesized and 
isolated. 


HO—CH 



H a C 6 2 CH-COOH 

a' \j/ a 

NH 


H*C-CHi 

I I 

H a C CH-COOH 

\/ 

N 


Hydro xyprolino 


CHa 

Hygrinio add 


N-Methylproline (Hygrinic Acid) is obtained on the oxidation of 
hygrine and cuskohygrine. It may be synthesized in the same manner 
as proline by condensing 5-bromopropyl-bromomalonic ester with 
methylamine. 

Hygrine, CaHisON, b.p. 193-195°/760 mm., [a] = — 1.3°, is a strongly 
alkaline liquid found in the leaves of Peruvian coca. It has been syn¬ 
thesized as follows: 


HjC-CH, ^ H,C- 

H,C CH—MgX CE ^£5^ _CB 1 H,C CH-CHr-CHOH-CH, H -^ 

\ / \ / 

NH NH 

H,C-CH, 

I I 

H,C CH—CH,—CO—CH, 

\ / 

N 

1 

CHt 

dl-H ygrine 
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For the details of this reaction in which the carbinol is oxidized to the 

ketone and the N is methylated see Hess. 1 

Cuskohygrine, C 13 H 24 ON 2 , is closely related to hygrine and occurs 
with it. It is an optically inactive base, b.p. 169-170°/23 mm. e 
formula for this alkaloid is: 


H 2 C-CH a 

HaC CH—CHaCOCHr 

\ / 

N 

I 

CHj 

Cuakohygnno 



HC CHi 




N 

I 

CH* 


Stachydrine, C7H 13 0 2 N, has been isolated from the roots of the 
Stachys tubirifa, from orange leaves and from lucerne hay. It is t e 
betaine of the quaternary ammonium base of hygrinic acid. 


H 2 C- 


HaC CH-COf 

\ / 

N+ 

/I 

Me Me 

8tachydrine 


Pyrrole is the nitrogen analog of furan and of thiophene. It was 
first isolated from “ bone oil ”; substituted pyrroles are present in many 
natural products, particularly hematin and chlorophyll. 

A pine splinter moistened with hydrochloric acid produces with pyrrole and 
pyrrole derivatives a fiery red color; hence, the name pyrrole. 

Pyrrole may be looked upon as a divinylamine, yet it is not a strong 
base. In fact pyrrole possesses several chemical properties that are 
characteristic of acids; for example, metallic potassium reacts with 
pyrrole to liberate hydrogen and to form potassium pyrrole, 

HC=CH 

I 

HC=CH 


»Ber., 46, 3113, 4104 (1913). 
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Tetraiodopyrrole has been used as a substitute for iodoform. It may 
be synthesized by the direct iodination of pyrrole in the presence of 
alkali: 



HC-CH 1—0 

11 II 4I , II 

HC CH i-c 


-C-I 


\ / 

NH 

Pyrrol® 


C-I 

\ / 

NH 

Tatriiodopyrrole 


Hemoglobin^-the red coloring matter of blood, consists of a protein 
fragment, globin, and a color-fast fragment, hemochromogen; the two 
are loosely united. Hemoglobin easily forms a compound with oxygen, 
oxyhemoglobin, which readily gives up its oxygen to the tissues and 
regenerates hemoglobin. In this manner hemoglobin acts in the 
biological transportation of oxygen. The hemochromogen fragment 
contains iron, bound in a complex manner. 

Outside the organism, the hemoglobin is readily converted into 
methemoglobin, a substance in which the oxygen is more firmly bound 
than in oxyhemoglobin. Splitting of methemoglobin forms globin 
and hematin. Hematin is closely related to hemochromogen, but in 
hemin the iron is more firmly linked; its molecular formula is 
C34H3204N 4 Fe—OH. Removal of the atom of iron from hematin and 
from hemochromogen leaves hematoporphyrin, C34H 2 eO«N 4 . Oxidative 
degradation forms hematinic acid, for which the structure has been 
determined, 


CH^-C^=C-CH,CH,COOH 

I I 

0=0 c=o 

\ / 

NH 

Chlorophyll (Leaf Green, Chromule) is a complex heterocyclic com¬ 
pound. Natural chlorophyll has been resolved into two fractions 
called chlorophyll A and chlorophyll B, the latter containing one more 
oxygen and two less hydrogens than the former. Chlorophyll A is 
bluish green and makes up about three-fourths of natural chlorophyll. 
Chlorophyll B is yellowish green and makes up about one-fourth of 
natural chlorophyll. The relationship between chlorophyll A and 
chlorophyll B is indicated by the equations: 
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COOCH* 

/ alkali 

CsaH,oON 4 Mg —* 

\ 

COOCaoHaa 

Chlorophyll A 

COOCHa 

/ alkali 

CnHasOaNiMg — > 

\ 

COOCaoHaa 
Chlorophyll B 


Phytol Methanol 


COOH 

CaaHsoONaM^ + CaoHaoO + CHaOH 

\ 

COOH 

Chlorophyllin A Phytol Methanol 

COOH 

CaiH, 80 aN 4 Mg + C20H40O + CHaOH 

\ 

COOH 

Chlorophyllin B Phytol Methanol 


Willstatter in 1913 determined the empirical formula of chlorophyll, 
CaaHTaNaOaMg, and this formula was confirmed later by Fischer and 
by Stoll. Structural studies have not proved the constitution of 
chlorophyll beyond question, but the following formula proposed by 
Fischer for chlorophyll A may be accepted provisionally: 

OCtoHaa 

I 

C =0 OCHa 


CH. 0=0 n 

1 H \i /° 

CH, C-C _ 

I / l/ H 

C C C „ 

/ \ / \ / \ / & 

CH,—C C C C—CH, 

\ I \ / 

C—N N—C 

/ \ / \ 

HC Mg CH 

\ / \ / 

C=N N—C 

/I I \ 

CH,—C C C C-C.H, 

\ / \ / \ / 

c c c 

/ I \ 

CH H CH, 


Chlorophyll A (Fleoher) 
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Chlorophyll has been of biochemical interest for many years because 
of the close relationship between it and the hemoglobin of the blood. 
Hemoglobin is a similar complex heterocyclic substance that contains 
iron instead of magnesium. Because of this relationship, cholorophyll 
has been called “ the blood of plants.” 

The use of chlorophyll for many years as a harmless coloring matter 
in foods and pharmaceutical products has been common. Products 
claimed to be of value in therapy have been introduced. These include: 

1. Chlorophylls soluble in water: 

Sodium magnesium chlorophyllin, CwHjjOe^MgNaa 

Sodium copper chlorophyllin, C 3 *H 3 iOftN4CuNa s 

2. Chlorophyll soluble in oil: 

Iron pheophytin, C6&H 7 20sN4Fe 

Sodium magnesium chlorophyllin has been reported to be an effective 
bacterial inhibitor, harmless and soothing to the tissues. It is par¬ 
ticularly effective against anaerobic organisms, a fact that has led to the 
suggestion that it acts by liberating oxygen from carbon dioxide. 
Applied in the forms of solution, ointments, and wet dressings, it has 
been reported to be valuable in the treatment of skin diseases and 
internal infections such as peritonitis, brain ulcers, bone ulcers, pyorrhea 
and trench mouth, sinus infections, and head colds. Its use must be 
considered to be in the experimental stage at the present time. It is 
interesting to note that here probably is another scientific confirmation 
of the lay practice of using poultices of mashed green leaves as healing 
agents. 

The iron derivatives of chlorophyll have been reported to be of value 
in the treatment of anemia. 

Guinea pigs receiving chlorophyll in the diet showed favorable increase in hemo¬ 
globin and in the absolute count of erythrocytes. Experimental data suggest a more 
intense metabolism and possibly increased phagocyte function of the cellular ele¬ 
ments. The experimental animals gained more weight than did the controls. 1 

The hemoglobin of the blood is composed of a complex heterocycle 
called the pigment or prosthetic group and a colorless protein or globin. 
The colored portion called hemin yields porphyrin when the iron is 
removed. There are a number of porphyrins that have been obtained 
from other sources. The porphyrin from blood has been called proto¬ 
porphyrin or ooporphyrin to distinguish it from related compounds. 
Normally the iron in hemoglobin constitutes about 55 per cent of the 
total body iron. The iron in hemoglobin is present in the ferrous 
state. It serves as a link between the porphyrin and protein to form 

iSadyrin, J. Gen. Biol. ( U.S.S.R .), 6, 279 (1945); C.A., 40, 5117 (1946). 
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a metalloporphyrin-protein complex. The relationship between por 
phyrin and hemin is indicated by the formulas: 



Monocrotaline has an unusual structure, in which a single nitrogen 
atom forms a part of two heterocycles. It is an alkaloid found to the 
extent of 3.2 per cent in the seeds of the toxic Crotolana spectabilis. 


HO—C 



OH 

I 

C—CH*—O—CO—CHa—C- 


I 


O C—CHs 

\ / 

CO 


Monocrotaline 


Benzopyrrole may have either of the following atomic arrangements: 



3.4-Bemopyrrole 2.3-Benaopyrrole. indole 


3,4-Benzopyrrole is the skeleton of phthalimide. 2,3-Benzopyrrole, 
known as indole, is found in many natural products. 

Indole and 0-Methylindole are present in fecal matter and in protein 
decomposition pioducfct*—T hey are, present also in many natural per¬ 
fumes, e.g., in jasmine and in orange blossom. They are probably 
formed from tryptophan. They impart an intense fecal odor when 
concentrated. 
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CH 

HC C-C—CH, 

I II II 

HC C C—H 

\ / \ / 

CH NH 

0-Methylindole, okatolo 


CH 

H—C C-C (CH*) n COOH 

I II II 

H—C C C—H 

\ / \ / 


CH NH 

Indole-3-aoid homologs 


3-Indoleacetic Acid has been identified as a plant-growth hormone; 
also its higher homologs act as plant-growth hormones, producing 
effects analogous to those of the auxins. It is estimated that the 
amount of auxin is 2.68 X 10~ 5 gram per kernel of immature corn; 9 
per cent of this was characterized as 3-indoleacetic acid. 1 

The plant-growth hormones have the structure indicated, in which the value for n 
may vary from 1 to 3. 

An experimental plot of cotton was sprayed daily over a period of 3 weeks with 
a 1 : 1 , 000,000 solution of indoleacetic acid; this increased the production of cotton 
by 30 per cent. 


The synthetic plant hormones, such as indoleacetic and indolebutyric 
acids, also stimulate the development of the plant pathogens. 2 

Tryptophan, a 0-indolyl derivative of alanine, is an essential amino 
acid. Its synthesis is described on p. 388. Tryptophan deficiency in 
rats results in vascularization of the cornea, alopecia, malformation of 
incisor teeth, atrophy of the testes, and aspermiogenesis. 3 



CHjCH-COOH 

I 

NH* 


Tryptophan 



CH*CH—COOH 

I 

NH* 


5-Methyltryptophan appears to be antagonistic to tryptophan. 
Added to a culture medium of B. coli strain B, in the absence of tryp¬ 
tophan, it suppresses growth, presumably competing with the natural 
amino acid for position on the surface of the enzyme. In viruses T 4 
and T® of this strain of B. coli , however, methyltryptophan appears to 
act like its lower homolog. 4 In the diet of the rat 5-methyltryptophan 

1 Haagen-Smit, Dandliker, Witwer, and Mumeek, £ m. J. Botany, 33, 118 (1946); 
C.A., 40, 2503 (1946). 

1 Stuart and McClellan, Science, 97, 15 (1943). 

* Albancse and Buschke, Science, 95, 584 (1942). 

4 Anderson, Science, 101, 565 (1945). 
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Indole 

G rami no 



In 1937 Green and Richter 1 observed that epinephrine taking part 
in an oxidation-transport enzyme for lactic and malic acids assumed a 
red color. This color is due to the formation of adrenochrome : 2 


O 




reduced 

coeosyme 



O 



Adrenochrome, 

l-Methyl-3-hydroxy- 

2,3-dihydroindolo- 

6,0-quinouo 


Reduced coenzyme converts the pigment into colorless leucoadreno- 
chrome. 


It is suggested that epinephrine, whose biological functions are not well understood, 
may be a precursor for products whose biochemistry is even less well known. For 
example, the biological need for adrenochrome is not established, yet it exhibits 
intriguing pharmacodynamic properties. It lowers blood pressure in experimentally 
hypertensive rats but has no effect on normal animals.* It possesses hemostatic 
properties. 4 Administration of 0.5 mg. adrenochrome to guinea pigs produced 
marked capillary resistance, and the effect persisted for several days. 4 

Bacq and Heirman 4 are of the opinion that adrenoxine, obtained by the further 
oxidation of adrenochrome and as yet unidentified, plays an important biochemical 
role. It possesses cardioinhibitor properties, and its mydriatic activity is about 
10,000 times that for epinephrine. 

1 Biochem. J., 31, 596 (1937). 

* Richter and Blaschko, J. Chem. Soc., 1937, 610. 

* Ostcr and Sabotka, J. Pharmacol., 78, 100 (1943). 

4 Derouaux, Arch, internal. Pharmacodynamie, 69, 142 and 348 (1943). 

4 Parrot and Cotercau, Compl. rend. soc. biol., 139, 907 (1945); C.A., 40, 6654 
(1946). 

8 Bacq and Heirman, Arch, internal. Physiol., 50, 129 (1940). 
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Strychnos Alkaloids 

The most important alkaloids of Strychnos nux vomica and S. ignatii 
are strychnine and brucine. Intensive studies of the structures of these 
compounds of high molecular weight and great complexity have resulted 
in the acceptance of the following provisional formulas: 



Brucine is a dimethyl ether of strychnine. 

Strychnine, N.F., is a white, crystalline powder, practically insoluble 
in water (1 : 6420), soluble in chloroform 1:5. It is a potent stimulant 
of the central nervous system and in toxic doses causes contraction of 
many muscles, leading to tonic or spinal convulsions. Because it is 
intensely bitter, it is employed as a bitter tonic; the bitter taste can 
be detected in dilutions of I : 1,000,000 to 1 : 500,000. Elixir of iron, 
quinine, and strychnine and similar preparations are used as tonics. 
It is prescribed often for failing circulation and low blood pressure but 
is of little value in these conditions. It is a valuable respiratory stimu¬ 
lant especially for use in treating the effects of overdosage with depres¬ 
sants of the central nervous system such as the barbiturates. The low 
solubility of the free base in water has led to the use of salts which are 
generally administered in the form of tablets. The official salts include: 
Strychnine Sulfate, U.S.P., Strychnine Nitrate, N.F. , and Strychnine 
Phosphate, N.F. Liquid nux, a mixture of strychnine and brucine salts 
(Solution of Nux Vomica Alkaloids, N.F. ), is extensively used in veteri¬ 
nary practice. 

Picrotoxin, U.S.P., a non-nitrogenous neutral principle of unknown 
structure, and of the empirical formula C 30 H 34 O 13 has an action like 
that of strychnine. It is used to some extent in the treatment of poison¬ 
ing by depressants of the central nervous system. It is usually injected 
in a 1 : 1000 solution made isotonic with sodium chloride. 

Physostigma Alkaloids 

Physostigma venenosum (Leguminosae) commonly known as the ordeal 
bean, eserenut, or calabar bean contains several alkaloids. 
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The beans were used at one time by the natives of tropical Africa in trials by ordeal 
for witchcraft. If the usual symptoms of poisoning developed, the victim was con¬ 
sidered guilty. Supposedly innocent persons took the dose at once, and the gastric 
irritation caused by high concentration resulted in prompt emesis without poisoning. 
The guilty individual taking the prescribed dose slowly would be poisoned without 
securing the automatic benefits of emesis. 

The most important alkaloid derived from the calabar bean is physostig- 
mine. The structure of this alkaloid has not been established definitely, 
but the accepted formula is: 



Physostigmine Salicylate, U.S.P. (Eserine Salicylate), is the salt 
usually used in therapeutics. It consists of slightly yellow crystals, 
soluble about 1 : 75 in water. The salt and its aqueous solutions change 
color on exposure to air and light, first to pink and then to a brownish 
red, owing to oxidation with the formation of rubreserine. The alkaloid 
acts physiologically by inhibiting the enzyme choline-esterase in the 
body fluids and tissues. Thus it prevents the rapid and continuous 
destruction of acetylcholine. In this way it acts as a powerful para¬ 
sympathetic stimulant. The chief use of physostigmine is to reduce 
intraocular pressure in glaucoma. It is usually instilled into the eye 
in 0.1 to 1 per cent solutions, or it is administered in gelatin discs for 
this purpose. Internally, it is used to some extent to increase the tone 
and motility of the intestines and to treat muscular weakness (myas¬ 
thenia gravis), often being injected intramuscularly. 

Neostigmine Methylsulfate, U.S.P. (Prostigmine Methylsulfate, di- 
methylcarbamic ester of 3-hydroxyphenyltrimethylammonium methyl 
sulfate), is an interesting synthetic substitute for physostigmine for the 
treatment of the symptoms of myasthenia gravis. It has the structure: 



Neostigmine Neostigmine bromide 
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N (CH*)t 



NCCHa)* 

Neostigmine methylsulffcte 


cH^or 


Neostigmine does not contain the heterocyclic structure of physo- 
stigmine, but it does contain the same carbamic ester group. Numer¬ 
ous compounds of this type have been studied. 1 - 2 Neostigmine is used 
chiefly for its action on skeletal muscle, the bowel, and the bladder, eg., 
in atony of the bladder and in myasthenia gravis. Neostigmine Bromide ,, 
U.S.P., is used in the form of tablets for oral administration. Neo¬ 
stigmine Methylsulfate, U.S.P. t is used in solution for subcutaneous or 


intramuscular injections. 



Pyridine Derivatives 

The heterocycle composed of five carbon atoms and one nitrogen atom 
is found very widely distributed in nature, and among these compounds 
are some of the most useful and important medicines and drugs. 

Pyridine is isosteric with benzene and pyran. It has a resonance 
energy of 43 kg-cal. per mole, higher than that for benzene. First 
isolated from bone oil (Anderson, 1849), it is now obtained in commer¬ 
cial quantities from coal distillation. When pure, it is a colorless liquid, 
b.p. 115°, with a very characteristic odor, miscible with water in all 
proportions. It shows definite aromatic characteristics; it may be 
sulfonated, halogenated, and to a limited extent it may even be nitrated. 
Coupled with these aromatic properties are those of a tertiary amine. 
Thus, with an alkyl halide, it will form a quaternary ammonium salt, 
known as an alkylpyridinium salt. 


.CH 

. f 4 \ 

0'HC* 3CH0 

I II 

“HC^CHa 

Pyridine 


+ RX-* 


X 

^CH—CH R 


X 


N-Methylpyridinium Hydroxide is a strongly alkaline, nonvolatile 
liquid, capable of producing curarelike action. It has been isolated 
from crab extract; it appears in human urine after smoking; it appears 


1 Aeschlimann and Reinert, J. Pharmacol., 43, 413-444 (1931). 
3 Steelman, Biochem. J., 20, 719-734 (1926). 
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in the urine after the ingestion of coffee, probably being formed by the 
decarboxylation of trigonelline. 



CHa 


The higher alkylpyndinium salts like the quaternary salts of the 
“ zephiran ” type are excellent germicides. Thus cetylpyridinium 
chloride is being promoted as an antiseptic. 

Cetylpyridinium Chloride (Ceepryn), m.p. 80°, is a white, crystalline 
powder which occurs as the monohydrate. It is relatively nontoxic. 
In the absence of serum it is active at a dilution 1 : 65,000 toward 
S. aureus and in the presence of 10 per cent serum it is active at 1 : 11,500 
dilution . 1 Concentrations as low as 0.003 per cent of cetylpyridinium 
chloride are effective in preserving solutions of gelatin and of sucrose . 2 

The higher homologs of pyridine are analogous to the higher homologs 
of benzene. 



(r 

<3-Pi co lino 


CH, CHi 



If pyridine has a —CH 2 — group substituted in the a- or the y-position, 
the methylene group is active, reacting, for example, with aldehydes and 
nitroso compounds: 

C 6 H 4 N—CH, + OCH—R—► CvH 4 N—CH=CHR + HOH 
CftH^N—CH* + ON—C*H 4 NMe, —► C*H 4 N—CH==N—C*H 4 NMe* + HOH 

On hydrogenation pyridine takes up three molecules of hydrogen, 
forming hexahydropyridine or piperidine. 

CH CHj 

^ \ / \ 

H-C C-H +3H, H a C CH a 

I II ^ I I 

H-C C-H - 3H * H 2 C CH a 

\ / \ / 

N NH 

Pyridine Piperidine 

1 Warren, Becker, Marsh, and Shelton, J. Pharmacol., 74, 401 (1942). 

>Tice and Moore, J. Am. Pharm. Assoc., 36, 48 (1947). 
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Conversely, the dehydrogenation of piperidine forms pyridine. P>pen- 
dine possesses all the characteristics of a secondary amme. It has an 
aminelike odor, and it forms a nitrosamine with mtrousacid, etc. _ 
2 -Butory-S-aminopyridine, and its formaldehyde bisulfite derivative, 
shows highly specific bacteriostatic activity against Mycobacterium in 
concentration as low as 1 X 10- and 1 X 10- Many of its isosters 

are also active. 1 _ . A - A 

Nicotinic Acid, U.S.P., N.N.R. (Niacin, 3 -Pyndinecarboxylic Acid, 

Picolinic Acid, /3-Pyridinecarboxylic Acid), occurs as white, nonhygro- 
scopic needles or powder, m.p. 235°, soluble in water about 1:60, m 
alcohol about 1:80, and insoluble in ether. It is stable in air and may 
be autoclaved without appreciable destruction. It is reported that no 
more than 20 per cent is lost during the canning of foods. 



Good sources include dried or concentrated yeast, liver, lean meat, 
buttermilk, cabbage, spinach, and wheat germ. 

Nicotinic acid, first obtained by the oxidation of nicotine, was isolated 
from liver extract in the form of its amide in 1912. But it was not until 
Elvehjem and co-workers in 1937 were able to demonstrate its specific 
curative value in canine black-tongue that its antipellagric value was 
discovered. 2 

Pellagra is characterized by erythematous dermatitis and photo¬ 
sensitivity of the skin, lesions of the lips and mouth, pruritis vulvae, 
diarrhea, and dementia. Pellagra is common among those who subsist 
on a diet of fat, corn bread, grits, and sorghum syrup. Those on special 
diets may also suffer from the disease. 

Nicotinic acid, nicotinamide, and the sodium salt of nicotinic acid 
have proved to be effective agents in the treatment of pellagra. They 
are also used as a prophylactic against this disease. Numerous symp¬ 
toms caused by or related to pellagra are cleared up by the administra¬ 
tion of nicotinic acid or its derivatives, e.g., profuse vomiting over long 
periods leading to undernourishment, Vincent’s angina, sickness resulting 
from sulfanilamide therapy, and x-ray irradiation, delirium tremens, etc. 
The administration of nicotinic acid and its derivatives is usually by 
mouth in the form of tablets. 


» Feinstone el al., Proc. Soc. Ezptl. Biol. Med., 63,153 (1946); C.A., 41, 786 (1947); 
J. Pharmacol., 89, 153 (1947). 

* J. Am. Chem. Soc., 59, 1767 (1937). 
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The daily normal requirements of this vitamin have been estimated 
as follows: 

Infancy and childhood 5 to 25 mg. 

Adolescence and maturity 25 to 50 mg. 

Pregnancy and lactation 50 to 100 mg. 

Acute deficiency 100 to 1500 mg. 

It is of interest to note that nicotinic acid is several hundred times less 
toxic than nicotine. 

Tetrahydronicotinic Acid is as beneficial to S. aureus and P. vulgaris 
as is nicotinic acid, presumably being dehydrogenated by the organisms. 
The hexahydro acid is more refractory to dehydrogenation. The 
N-methylhydronicotinic acids cannot be used by the bacteria . 1 

3-Acetylpyridine (Methyl-/3-pyridyl Ketone) is an antagonist to 
nicotinic acid and nicotinamide. When fed to mice in doses of 2 mg. 
per day or greater, symptoms of nicotinamide deficiency developed . 2 

It is suspected that the high incidence of pellagra in people living on a com diet 
may result not so much from a deficiency of nicotinic acid as from the presence in 
the corn of an antivitamin factor. 

Ni cotinamide, U.S.P., N.N.R. (Nicotinic Acid Amide, Pyridine-3- 
carboxylic Acid Amide), is a white, slightly deliquescent, crystalline 
powder, m.p. 128-131°, soluble in water 1 : 1, in alcohol 1 : 1.5, in 
glycerol 1 : 10, and slightly soluble in ether or benzene. As already 
mentioned, it has been isolated from highly active liver extracts; and 
it has been isolated also from beef hearts, 147 mg. of pure amide from 
15 kg. of hearts . 3 It is probably the amide rather than the acid which 
is the natural active fraction. It is reported that the amide does not 
produce the alarming but harmless side effects of flushing and tingling 
of the face, neck, and extremities associated with a transient lowering 
of blood pressure when nicotinic acid is administered. The amide is 
sometimes used by parenteral administration. 

The physiological activity of the amide or of the acid is considerably modified by 
any change in structure. Thus, in the cultivation of the dysentery bacillus, nicotin¬ 
amide was active at 1 X 10 -7 molar concentration; trigonelline amide required ten 
times that concentration. Other compounds, such as a-pyridinesulfonic acid, trigo¬ 
nelline, 6 -methylnicotinic acid, 7 -picolinic acid, 0 -acetylpyridine, and /3-picoline were 
devoid of any growth-promoting activity . 4 

C ozym asej(Coenzyme I, Codehydrogenase I), the coenzyme of alco- 

1 Euler, HOgberg, Salomon, and Ruckstuhl, Helv. Chim. Ada, 27, 382 (1944); 
C.A., 38, 4973 (1944). 

* Wooley and Collyer, J. Biol. Chem., 157, 455 (1945); C.A., 39, 2110 (1945). 

* Kuhn and Vetter, Ber., 68 , 2374 (1935). 

4 Dorfman el al. t J. Am. Chem. Soc., 60, 2004 (1938). 
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holic fermentation, was discovered by Harden and Young in 1905. It 
appears to be an indispensable constituent of nearly every living cell, 
playing an important role along with coenzyme II in biological oxidations 
and reductions. A part of the molecule consists of nicotinamide, ine 
accepted structure for the enzymes is : l 


CH 

h-<A -CO-NH, 
H-b A-H 


+ 

HtJ-(CHOH)r-CH-CHi 



I--CHrCH-(CHOH) r CH 


n - 2 for ooeniyme I 
n — 3 for ooonaymo II 


NHr-C=N 
N——A CH 

ill 


Nikethamide, N.N.R. (Coramine, /3-Pyridine Carboxylic Acid Di¬ 
ethylamide), C&H«N—CO—NEt*, is a slightly yellow, viscid, bitter 
liquid, consisting of a 25 per cent solution in water, with added lactic 
acid to make the product more palatable. It is used as a respiratory 
stimulant in excessive depression of the central nervous system as in 
accidents, poisoning, anesthetic accidents, and collapse. It is usually 
administered orally or by injection subcutaneously, intramuscularly, or 
intravenously. 

Trigonelline, a betaine of N-methyl nicotinic acid, is perhaps the most 
widely distributed of the natural pyridine derivatives, the coffee bean 
being especially rich in this compound. It seems to be pharmacologi¬ 
cally inert, and it probably is formed as a detoxification product in the 
organism from nicotinic acid. 



Dipyridyl 

disulfide 


CH 


CH 


HC 

II 

HC 


/ 


c—co; 
I 

CH 


HC 


/ 


HC 


c— conhch 2 ch 2 so 3 h 
I 

CH 


\ 

N+ 

I 

CH 3 

Trigonelline 


\ 


N 


Nicotinyltsurine 


Nicotinyltaurine potentiates the hypoglycemic action of insulin. 

1 Euler and Schlenk, Z. physiol. Chem., 246, 64 (1937); cf. Tauber, J. Chem. Edu¬ 
cation, 16, 10 (1939). 
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Administered in doses of 25 mg. by the oral route together with a half¬ 
unit of insulin, it induces in rabbits a lowering of blood sugar equal to 
that effected by one unit of insulin alone. 1 

3,3-Dipyridyl Disulfide, as dihydrochloride, possesses marked anti¬ 
bacterial properties. Dilutions of 1 to 1.5 X 10* inhibit S. aureus and 
Strep, hemclyticus . 2 

Pyndium (3-Phenylazo-2,6-diaminopyridine Monohydrochloride) is a 
dark red, microcrystalline powder, slowly soluble in cold water, readily 
soluble in hot water, alcohol, and glycerol. It is used as a genitourinary 
antiseptic for such conditions as cystitis, pyelitis, and prostatitis. It 
is administered orally in the form of tablets. Solutions of about 0.1 per 
cent are used for irrigations and instillations, and a 1 per cent jelly is 
used for topical application on tampons or swabs. 

The synthesis of pyridium from pyridine may be represented: 


NftNIIi 


C*H* —NtX 


C*H 6 N=N 


H * N NH a 

2.6-Di ami no- 
pyridine 


h ’ n -^n 

Pyridium 


NHrHCl 


Ricinine is found in the castor bean. It is not the toxic substance, 
which is of much more complex nature. It is a pyridone derivative of 
the structure: 

OCH* 

I 

C 

/ X 

H—C C—CN 

II I 

H—C 0=0 

\ / 

N 


CH 3 

Ricinine 


Vitamin B 8 

Pyridoxine (Vitamin B«, Factor I, 4,5-5ts(Hydroxymethyl)-3-hydroxy- 
2-methylpyridine) is usually prepared as the hydrochloride, which con¬ 
sists of white platelets, m.p. 206-208° with decomposition, soluble in 
water about 1 :4.5 and in alcohol about 1 :90, and insoluble in acetone. 

1 Goldberg and Jeffries, Quart. J. Pharm. Pharmacol ., 19, 48 (1946). 

* Gibbs and Penny, Brit. pat. 582,638; C.A., 41, 2755 (1947). 
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Aqueous solutions have a pH of about 3.2. It is stable in hydrochlonc 

acid solutions at high temperatures, and it is not affected by ea 1 g 

alkalies. . c u 

Good sources include dried yeast, liver, rice polishings, meat, nsn, 

whole wheat, and corn. 

The unit of potency is based on the weight of pure pyridoxine. 

The functions of vitamin Be in the body are not clearly understood. 
There is evidence that it may be concerned with the utilization o 
unsaturated fatty acids, that it may be of value in treating certain 
neuromuscular symptoms following pellagra, and in certain forms o 

muscular dystrophy. . . 

It can be made synthetically as indicated according to the following 

equations :* 


CH,—OEt 


6io:“h^-cn p,pcr,dl - 
hc!h| + c-o 
I’C-c 4.4*" n-h 


HC 

II 

-C, 


CH-OEt 
C ^-CN 


Ethoxy acetyl- 
acetone 


CH-OEt 


AcNH-C ^C-CN 

^C-O 
CH, NH 


Ac ,o NH,-C 


Cyanoacct- 

BJIlldo 


CHj-OEt 

C ^C-CN 


•c-c 

c^^nT 0 

Pyrldonc derivative 

jnNO, 

CH.OEt 


ctf, n nh 


C=0 



I 


‘Nfl 


C-CN 

I 

C-O 


i 


pci 6 + poci. 


CH-OEt 


AcNH-C 




CH, 


C-CN 

C-Cl 


H, 


AcNH-C 

^C 

CH, 


CHj-OEt 


N 


CH 2 OH 


C-CH,—NH, hob 
^CH 

CH 2 OH 


/ 


NH 2 —C C—CH 2 NH 2 —► HO—C 


/ 


C CH 

/ \ ✓ 

ch 3 n 


c 

/ \ ✓ 

ch 3 n 

Pyridoxine 

Harris and Folkers, J. Am. Chem. Soc., 61, 1245 (1939). 


C—CH 2 OH 

I 

CH 
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Evidence points to the fact that vitamin B e is not a single entity. 

nere are at least three components, viz., pyridoxine, pyridoxal, and 
pyridoxamme. 1 

Phosphorylated Pyridoxal is codecarboxylase, the coenzyme of amino 
acid decarboxylases and transaminases. 2 On a molar basis these com¬ 
pounds exhibit activity generally equal to that of pyridoxine. Perhaps 
m many organisms there is biochemical interconversion, thus :* 

CHaOH CHO 



C 

/ N 

HOC C—CHaOH 

II I 

CHr-C CH 

\ ✓ 

N 

Pyridoxal 


CH,NH, 


C 

/ s 

HOC C—CHjOH 

_ II I 

^ CHr-C CH 

\ ✓ 

N 

Pyridoxamio® 

Pyridine derivatives used as roentgenographic contrast media include: 


O I 



I COONa 


Neoiopax 

1 Harris, Hey], and Folkere, J. Am. Chem. Soc.. 66, 2088 (1944). 

* Gunaalus, Umbreit, Bellamy, and Faust, J. Biol. Chem., 161, 743 (1945). 
•Dutcher and Guerrant, Ann. Rev. Biochem., 15, 278 (1946); Snell, ibid., 384. 
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Uroselectan, the sodium salt of 5 -iodo- 2 -keto-l-pyridineacetic acid, 
is used as a contrast medium in urography, that is, in x-raying the urinary 
tract. It is reported to have weakly antiseptic action in urine and to be 

relatively nontoxic. . 

Iodopyracet Injection, U.S.P. ( 3 , 5 -Diiodo- 4 -pyridon-N-acetic Acid 
Diethanolamine, Diodrast) is a neutral stable aqueous solution con¬ 
taining 35 per cent of the compound. It is used as a radiopaque medium 
in intravenous urography and retrograde pyelography. 

Neo-Iopax, N.N.R. (Disodium N-methyl-3,5-diiodo-4-keto-pyridino- 
2 , 6 -dicarboxylate), is a white, crystalline powder, readily soluble in 
water. It is used as a contrast medium in pyelography, being injected 
intravenously in solution; the rate of excretions serves as an indica¬ 
tion of kidney function. 


Areca Nut Alkaloids 

Several simple alkaloids have been isolated from the areca nut. All 
of them are partially hydrogenated derivatives of nicotinic acid. Guva- 
cine is 1,2,5,6-tetrahydronicotinic acid; its methyl ester is guvacoline; 
arecaidine is N-methylguvacine, and its methyl ester is arecoline. 


CH 

/ \ 

HiC C—COOH 

I I 

HaC CH* 

\ / 

N 

I 

H 

QoTAcise 

CH 

/ X 

H a C C—COOH 

I I 

H a C CH, 

\ / 

N 

I 

CH, 

ArecAidine 


CH 

/ X 

H,C C-COOMe 

I I 

H,C CH, 

\ / 

N 

I 

H 

Quvaoollne 

CH 

/ X 

H,C C—COOMe 

I I 

H 2 C CH, 

\ / 

N 

I 

CHg 

Arecoline 


Arecoline Hydrobromide, N.F., is a white, crystalline, water-soluble 
powder. It is used chiefly in veterinary medicine as a vermifuge. 
Qualitatively, it has activity similar to that of pilocarpine, but it is more 
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powerful quantitatively. It seems to exert its anthelmintic action by 
causing the muscles of the cestodes to relax and by causing the host to 
purge, thus removing the detached worms. 1 

Hemlock Alkaloids 

Of the naturally occurring bases in hemlock the most important is 
coniine, a colorless liquid, b.p. 166-167°, [a]i? + 15.7°, strongly alkaline, 
with an odor resembling that of a foul pipe. Coniine was the first of 
the natural bases whose synthesis was duplicated in the laboratory. 2 
This synthesis was carried out by the following steps: 



2-Propenylpyridino 


CHj 

/ \ 

HjC CH, 

I I 

H,C CH—CHjCHtCHj 

\ N / 

H 

2-n-Propylpiperidine, di^ coniine 

The synthetic DL-2-n-propylpiperidine was resolved with tartaric acid, 
and the dextroisomer was identical with the natural base. 

The poisonous properties of hemlock have been known from the earliest times, the 
classic example being the drinking of oil of hemlock by Socrates when he was con¬ 
demned to death. 

Coniine produces paralysis of the motor nerve endings and stimulation followed 
by depression of the central nervous system. Death results from respiratory failure. 

It was found that the toxicities of the homologs of DL-coniine increase 
in the ratio — H : CH3— : C*H 5 —: C3H7— :: 1:2 :4 :8. 3 

Pomegranate Alkaloids 

The root bark of the pomegranate tree, used as an anthelmintic, con¬ 
tains several alkaloids closely related in structure to coniine. Of these, 
pelletierine is believed to be the active constituent; it is said to be highly 
toxic to tapeworms and not very toxic to man. Its close relationship 
to coniine is indicated by the following observations: 

» Bantham, Parasitology , 37, 185 (1946); C.A., 41, 4236 (1947). 

* Ladenburg, Ber., 19, 2578 (1886). 

* Mameli, Boll. chim. farm., 68, 949 (1929). 
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(a) It forms an oxime; the oxime may be dehydrated to a nitrile; the nitrile 
may be hydrolyzed to an acid which contains all the carbon atoms ongina y 
present in pelletierine. This series of reactions can be accounted for if the car¬ 
bonyl group was present only as an aldehyde: 

PCI, HOH 

C>HitN CHO — CjHuN CH=NOH ^ C.H..N-CN 


(6) Reduction of the hydrazone of pelletierine with sodium and alcohol 
forms DL-coniine. 

The structures of some pomegranate alkaloids are given; it will be 
observed how closely they are related. 


CH2—CH—CH 2 CH 2 —CH-CH 2 CH 2 —CH-CO 

1 1 1 1 1 111 1 

CH, NH CH, CH, NMe CO CH, NMe CH, 

I I I I I III I 

CH,—CH, CHO CH,—CH-CH, CH,—CH, CH, 

Pelletierine paeudo-PeUelierine Methylieo- 

peueuerine 


CH 2 —CH- 

I I I 

CH 2 NMe CO 

I I I 

ch 2 —ch 2 ch 3 

a-N- Methyl-pi peridy 1-2- 
propanone 


Pelletierine Tannate, N.F., is a mixture of the tannates of the alkaloids 
obtained from Punica grannatum. It is a light yellow, amorphous 
powder, soluble in water about 1 : 250. It is an effective anthelmintic 
and teniafuge. It is usually administered in capsules followed by a 
cathartic within about 30 min. 


Pepper Alkaloids 

Pipeline, Ci7Hi*0 3 N, may be isolated from several species of the 
Piperaceae, varying from 1 to 2 per cent in the long pepper to 5 to 9 
per cent in black and white pepper. It is a crystalline solid, m.p. 128- 
129°; its alcoholic solution has a pepperlike taste; its solutions are not 
alkaline. Its constitution is indicated from the following; 

(а) It may be hydrolyzed to form piperidine and piperic acid. 

(б) Piperoyi chloride reacts with piperidine to form piperine. 

These reactions may be indicated: 


C1H11N 



Piperoyi chloride 
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HOH 


CH,—CHi 

/ \ 

+ CH, NH 

\ / 

CHr—CH, 

Piperidine 

Merperidine Hydrochloride, N.N.R. (Demerol, Ethyl l-methyl-4- 
phenylpiperidine-4-carboxylate Hydrochloride) is a white, crystalline 
powder, which dissolves in water to form neutral stable solutions which 
withstand sterilization by boiling for a short period. It is reported to 
combine the antispasmodic properties of atropine and papaverine with 
the analgesic action of papaverine. 1 It has a neurospasmolytic action 
on smooth muscle and a central analgesic action like morphine. 2 It 
has value in alleviating the withdrawal symptoms in morphine addiction 
because of its analgesic and spasmolytic properties; however, it is not 
without addiction liability. 2 The hydrochloride produces pronounced 
corneal anesthesia when applied directly to the eye. 4 

C*Hs COOC 2 H 6 

\ / 

C 

/ \ 

H 2 C CHt 

I I 

h 2 c ch 2 

\ / 

N 

I 

CH, 

Meperidine 

1 Eisleb and Schaumann, Deut. med. Wochschr., 65, 967 (1939); C.A., 33, 9442 
(1939). 

* Schaumann, Arch, exptl. Path. Pharmakol., 196, 109 (1940); C.A., 35, 2976 (1941). 

* Himmelsbach, J. Pharmacol ., 75, 64 (1942). 

4 Way, Science, 101, 566 (1945). 
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The substituted 4 -aminopiperidines of general type, 

CH,CH, R" 

/ \ / 

R-N CH-N 

\ / \ 

CHjCHj R' 

where R is heptyl and R' and R" are Me, R is phenyl and R' and R" 
are Me, show powerful spasmolytic effects. 1 


Tobacco Alkaloids 

Tobacco, the dried leaf of Nicotianum tabacum or, in the case of the 
East Indian and Turkish tobaccos, of N. rustica, owes its use in part to 
the volatile alkaloids, of which the following have been identified: 

Nicotine, CmHuNs, Posselt and Reiman (1828) 

Nicotimine or anabasine, Ci©Hi«N t , Pictet and Rotschy (1901) 

Nor-nicotine, CtHnNj, Ehrenstein (1931) 

Anatabine, C 10 H„N,, Sp&th and Kesztler (1937) 

Nicotyrine, CioHmN*, Spath and Kesztler (1937) 

N-Methylanatabine, C„H,«Ni, Spath and Kesztler (1937) 
N-Methylanabasine, CnHuNt, Spath and Kesztler (1937) 

2,3'-Dipyridyl, CmH»N«, Spilth and Kesztler (1937) 

In addition to these pyrrolidine, N-methyldihydropyrrole, N-methyl- 
pyrrolidine, and trimethylamine have been isolated and identified. 

Although nicotine is one of the most violent poisons known and tobacco 
is widely used, there are few mortality cases from it on record. A toxic 
dose of tobacco taken into the stomach causes mental confusion, pale¬ 
ness of countenance, severe vomiting and retching, etc. Although 
during smoking the greater part of the nicotine is converted into non¬ 
toxic pyrogenic decomposition products, it is well established that one- 
seventh to one-third of the nicotine passes unchanged in the smoke. 

Nicotine is the most abundant and best known of the tobacco alka¬ 
loids. In certain tobaccos, however, for example, in certain German 
tobaccos and in N. sylvestris (grown on an experimental plot in Mary¬ 
land) nornicotine predominates. The other bases occur to a very 
limited extent. It is interesting to compare the structures of these 
various bases and to note many points of similarity: 

1 Cerkovnikov and Prelog, Ber., 74, 1648 (1941); C.A., 37, 125 (1943). 




CH CH-CH 

/ \ / II 

HC C—C CH 

II I \ / 

HC CH N 

\ / I 

N CH, 

Nlootyrin© 

Concentrated extracts of tobacco containing mixtures of the total 
alkaloids as sulfates are used extensively as insecticides and fungicides, 
especially in plant sprays. 

Anabasine Sulfate is receiving consideration as an insect repellent. 1 
Applied to the skin in 5 per cent solution it gives protection against 
mosquitoes for ten hours. It apparently acts on the taste organs to 
prevent biting. 2 

Lobelia Alkaloids 

The drug Lobelia inflata, N.F ., contains several alkaloids. Only one 
of these is of interest, namely, lobeline. 

Lobeline (a-Lobeline) is used as the sulfate and hydrochloride. 
These are white, crystalline salts readily soluble in water. Lobeline is a 
respiratory stimulant used to treat asphyxia in the newborn, accidents 
during anesthesia, poisoning, etc. The alkaloid has been largely re¬ 
placed by more effective agents since the early claims for its effectiveness 
have not been substantiated. It is usually administered parenterally. 

1 Hastings and Shimkin, Science, 103, 639 (1946). 

* Nobakov, Med. ParasUol. Parasitic Diseasts ( U.S.S.R .), 13, No. 3, 42 (1944); 
C.A., 39, 4398 (1945). 


CH CH=CH 

/ N / \ 
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HC CH N- 
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aJJ'-DIpyridyl 
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Ixibeline has also been used in breaking the tobacco habit. A cross 
tolerance between this alkaloid and nicotine makes possible control of 
the withdrawal symptoms. It is usually administered orally in capsules 

for this purpose. 

L/1I2 

/ \ 

o HiC CHj OH 


HtC«—C—HjC—C 

H\ / 

N 


CH—CHj—CH—C«H 6 


CH, 

Quinoline Derivatives 
Benzopyridine may exist in two forms, 




I 

H-c; 


A 


s c6 NT 

2,3-Beniopyridine, 

quinoline 


*C-H« 


H- 
H 






c 

II 

X5H N 

3,4-Beniopyridinc, 

isoquinoline 


sC-H 


■6if 


known as quinoline and isoquinoline. Both are important as basic 
structuxes^pptiaring in natural and medicinally important compounds. 

QuinSlIneis found in some of the coal-tar distillates. Its properties 
arelKose that might logically be expected of a compound containing 
both a pyridine and an aromatic nucleus. Reactions that deserve 
special mention are the results of hydrogenation and oxidation. Cat¬ 
alytic hydrogenation takes place in two stages, first to the tetrahydro- 
quinoline, in which the heterocycle is hydrogenated, and then to the deca- 
hydro compound. During oxidation reactions the heterocycle is usually 
more resistant, giving rise to 2 ,3-dicarboxypyridine or quinolinic acid. 

_ CHa CHa 

H * / \ / \ 

CHa CH CHa 

I 1 I 

CHa CH CH, 

\ / \ / 

CHa NH 

Decahydroquinoline 

\ X 

N 

Quinolinic acid 
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Among the derivatives of quinoline that possess medicinal interest 
are i 



I 

OH 

8-Hydro xyqulnollne Cinchophen 



Yatren 


Vloforxn 


8-Hydroxyquinoline, also called chinosol, is used as an antiseptic and 
also as an analytical reagent. 

Cinchophen, N.F. (2-Phenylquinoline-4-carboxylic Acid, 2-Phenyl- 
cinchoninic Acid), is a slightly yellow, bitter powder, insoluble in water, 
soluble in alcohol about 1 : 120, m.p. 213° to 216°. It has antipyretic 
and analgesic activities similar to that of the salicylates. It is used in 
the treatment of rheumatic fever and gout. Numerous cases of liver 
damage by cinchophen have been reported. It is usually administered 
as tablets or in capsules along with agents such as sodium bicarbonate, 
sodium acetate, or sodium citrate to alkalinize the urine. 

Neocinchophen, U.S.P. (Novatophan, the ethyl ester of cinchophen), 
is a slightly yellow, crystalline powder with properties similar to those 
of cinchophen. It has the advantage that it does not cause severe 
gastric irritation as does cinchophen. It is reported also to cause less 
liver damage. 

Yatren (the sodium salt of 7-iodo-8-hydroxyquinoline-5-sulfonic acid) 
is a yellow, crystalline powder, soluble in water about 1 : 25. It is used 
like chiniofon to treat amebiasis. 

Chimofon Powder, U.S.P., is a mixture of 7-iodo-8-hydroxyquino- 
line-5-sulfonic acid in the form of its sodium salt with sodium bicarbonate 
and isomeric hydroxyiodoquinoline sulfonates. It has properties similar 
to those of yatren. Products of this type were introduced as wound 
antiseptics, but they are now used chiefly in the treatment of amebic 
dysentery. It is administered in cachets, pills, solution, and preferably 
as enteric coated tablets. Solutions of 0.5 to 2.5 per cent are sometimes 
administered rectally. 

Vioform, N.N.R. (7-Iodo-8-hydroxy-5-chloroquinoline), is a slightly 
yellow powder, insoluble in water but soluble in alcohol, used as an 
antiseptic substitute for iodoform, being applied as a dusting powder. 
It has practically no odor. It is also used to treat amebic infections, 
being administered as the powder in capsules. 



NITROGEN HETEROCYCLES 


561 


Angostura Alkaloids 

From the angostura bark of the West Indies and South Africa are 
obtained products used as a febrifuge and .n the form of bitten, as a 
flavoring. During the nineteenth century the bark was used as an adul¬ 
terant in nux vomica and thus came into disrepute. The bark contains 
several alkaloids, among which may be mentioned especially cuspanne, 
galipine, galipoline, and 2 -n-amyl- 4 -methoxyquinoline. Cuspanne is 
present to nearly 75 per cent and galipoline to nearly 25 per cent of the 
total alkaloids; the other two bases are present only in traces. Ihe 
structures for these compounds are: 

OCHj 


OCH 3 

/ 

C—H CH=C 

II I / \ 

C C—CH,CHr-C C—OCH, 

% CH \h-CH 

Galipine. 

2-<0-3.4-diinethoxyphenylethyl)-4-inethoxyquinoiiDe 


CH C 

✓ \ / ’ 

H-C C 


H-C 


OCH, 


CH C 

/ \ / N 

H—C C C-H CH=C—O—CH, 

I II I / \ I 

H—C C C—CH2CH2—C C—O 

X/XS X s 

CH N CH—CH 

Cuspanne, 

2-(0-3,4-methylen«dioxyphenylethyl)-4-methoxyquinoline 


H—C 

I 

H—C 


OH 

I 

CH C 

' \ / S 

C C—H 


OCH, 


/ 

CH=CH 

/ \ 


C C—CH 2 CH*— c 

\/XS X 

CH N CH—CH 

Galipoline, 

2-(0-3.4-dimethoxyphenylethyl)-4-hydroxyquinoline 


C—OCH, 
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French of «— '« *! 

aissiSi-s==sM£—- “ - * - “ 

“ori —rrhtst, 

would relieve th e str, ngency a d g winning one of the prizes prompted 
mig ht be obbuned syn^et^ apprentice to the celebrated A. W. 

^^sa&’saSvSssSSaS® 

of quinine sulfate, of which 90 per cent comes from the Dutch East Indies. 


Cinchonine may be looked upon as the parent substance of these 
natural bases. Its formula has been established as consisting of two 
heterocyclic fragments, a quinoline portion and a quinuclidine portion, 
joined through a carbinol bridge, as indicated in the formula. Medici¬ 
nally important members of the cinchona alkaloids and related com¬ 
pounds differ from cinchonine in some modification of the substituent at 
position 3 and by having a substituent, usually an ether group, in posi¬ 
tion 6'. These compounds are listed in Table 54. 


CH C 


CHOH-CH 


"H- C»" S ^C X * ** C—H 

H 


Quinoline hetero- 
oyde 


Cinchonine 


ch 2 

I 6 5 

;N—CH.CH^CH' 
-CH 

CH=CHa 

Quinuclidine 
heterocycle 


12 

ch 2 


It will be seen, from an examination of the formula for cinchonine, 
that positions 3, 4, 8, and 9 are centers of optical asymmetry. Hence, 
the given formula might represent any of 16 possible optical isomers. 
Fortunately nature tends towards simplicity and, whereas cinchonine 
[a]}J = 4-223° is isomeric with natural cinchonidine [<*]d = —111°, 
the two compounds when oxidized at position 9 form the same ketone, 
cinchoninone, [a] D = 4-71°. This would indicate that the two isomers 
differ primarily, if not exclusively, in the configuration about carbon 
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atom 9. In a similar manner quinine, [a] D = -158.2° (which is 6'- 
methoxycinchonidine), and quinidine (6'-methoxycinchonine), [a] D 
= +274.7°, may be oxidized at position 9, forming identical ketones 
quininone, [<*] D = +73.8°. 

The structural relationships of some of the more common cinchona 
compounds may be seen from the general formula and Table 54. 



TABLE 54 


Cinchona Bases 


( — )-Isomer 

(+)-Isomer 

R 

R' 

Quinine 

Quinidine 

CH»0— 

CH,:CH— 

Cinchonidine 

Cinchonine 

H— 

CH,:CH— 

Hydroquinine 

Hydroquinidine 

CH>0— 

CH»CHa— 

Hydrocinchonidino 

Hydrocinchonine 

H— 

CHiCHj— 

Quininal 

Quinidinal 

CH»0— 

—CHO 

Quitenine 

Quitenidine 

CHjO— 

—COOH 

Ethylquitcnine 

Ethylquitenidine 

CHiO— 

—COOEt 

Cupreine 

— 

HO— 

CH,:CH— 

Ethylcupreine 

— 

EtO— 

CHr.CH— 

Hydrocupreine 

Hydrocupreidine 

HO— 

CHjCH*— 

Ethylhydrocupreine 

Ethylhydrocupreidine 

EtO— 

CHiCH*— 

(Optochin) 




Apocupreine 

— 

HO— 

CH»CH :(C) 

Hydroxyethylapocupreine 

— 

HOCHjCHi — 

CHiCH :(C) 

Ethylapocupreine 

— 

EtO— 

CHjCH :(C) 

Isoamylhydrocupreine 

— 

i-C$HnO— 

CH»CH j— 

(Eucupin) 




IsoOctylhydrocupreine 

— 

t-C$HirO— 

CH»CHj— 


Quinine, quinidine, cinchonine, and cinchonidine are the predominant 
alkaloids in cinchona bark. Cupreine is obtained from the bark of 
Remijia pedunculala, a plant closely related though distinct from the 
cinchonas. 

All the compounds are generally active provided that the phenolic 
hydroxyl in position 6' is etherified by means of an alkyl group, and 
provided that the vinyl group attached to position 3 is not oxidized to 
a carboxyl group; if the latter is a carboxyl, activity may be partially 
restored when it is esterified. 
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Isooctylhvdrocupreine (Vuzin) is said to possess powerful antiseptic 
properties; it was used during World War I by the Germans for the 
treatment of septic wounds. Ethylhydrocupreine, .ts higher 
and the corresponding alkylapocupreines have been examined for them 

pneumococcicidal properties. Although they are effect ' v ^ hey “T 
cause visual disturbances, sometimes even blindness. Hydroxyethy 
cupreine, however, is much less toxic (detoxifying property of the alco¬ 
holic hydroxyl), and it retains its antipneumococcic activity. 

Ethylhydrocupreine, N.F. (Optochin), occurs in the bark of Remijia 
vedunculala. It has a specific action against pneumococci, and it is 
employed as the hydrochloride to treat pneumococcic infections of the 
eye, usually being instilled in 1 to 2 per cent solution. 

Quinine, N.F., is one of the most useful drugs. The free base is a 
white powder, crystallizing with three molecules of water; the crystas 
are efflorescent in dry air. It is soluble about 1 : 1560 in water, 1 : 0.8 
in alcohol, 1 : 1.1 in chloroform, and 1 : 1.9 in ether at 25 . It has an 
intense and persistent bitter taste. It forms soluble salts readily with 
many acids. The insoluble salts serve to mask the bitter taste of the 
alkaloid. The soluble salts dissolve with the formation of solutions 
having a characteristic blue fluorescence. The commonly used salts 
and their approximate solubilities in water at 25° are: 


Quinine Bisulfate U.S.P. 1 : ® 

Quinine Dihydrochloride U.S.P., N.N.R.1 : 9-® 

Quinine Ethylcarbonate N.F., N.N.R.1 : 110 

Quinine Hydrobromide N.F.1 : 40 

Quinine Hydrochloride U.S.P.1 : 16 

Quinine Phosphate N.F.I : 

Quinine Salicylate N.F.Insol. 

Quinine Sulfate U.S.P., N.N.R.1 : 810 

Quinine and Urea Hydrochloride U.S.P.1 • 0.9 


The most important use of quinine and its salts is in the treatment of 
malaria. The manner in which quinine acts in malaria is not completely 
known. It is known that the alkaloid when properly administered 
cures the acute symptoms of the disease by decreasing the multiplication 
of the plasmodia in the body. Quinine and its salts are usually admin¬ 
istered by mouth in the form of tablets or capsules. Cures in 90 to 95 
per cent of cases with acute malaria have been reported. The soluble 
bisulfate is commonly employed for oral use. When intravenous admin¬ 
istration is necessary, the more soluble dihydrochloride is generally 
employed. 

Quinine is also used for a large number of other conditions. Briefly, 
these may be indicated as follows: 
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1. As an analgesic and antipyretic for the relief of colds, neuralgia, etc. It has 
the same type action as the salicylates and is somewhat less effective. 

2. As a sclerosing agent in the treatment of varicose veins. Quinine Hydro¬ 
chloride and Ethyl Carbamate Injection , U.S.P., is used for this purpose. Quinine 
and Urea Hydrochloride, U.S.P., is used as a sclerosing agent for the treatment 
of hemorrhoids. 

3. As a local anesthetic. The quinine salts act as anesthetics by toxic action 
on the protoplasm. Quinine and Urea Hydrochloride, U.S.P., is used in the form 
of an ointment in treating painful hemorrhoids. Other anesthetics are superior 
to the quinine salts for most purposes. 

4. As an oxytocic. It is used to initiate labor at term; quinine combined 
with castor oil is sometimes used with success. 

5. Other uses include: bitter tonic, contraceptive in jellies and douches, 
fluorescent coloring matter in hair tonics. 

The other alkaloids of cinchona have activity similar to that of quinine, 
but they differ quantitatively. 

Quinidine Sulfate, U.S.P., is an optical isomer of quinine sulfate. It * 
has been found to be the most effective of the cinchona alkaloids for the 
treatment of auricular fibrillation by restoring normal rhythm. The 
salt is usually administered orally in capsules or in tablets. 

Cinchonidine Sulfate, N.F., and Cinchonine Sulfate, N.F., are em¬ 
ployed to secure the antimalarial effects of the cinchona alkaloids. They 
are usually administered in forms such as Elixir of Cinchona Alkaloids, 
N.F. 

Totaquine, U.S.P., is a combination of the total alkaloids of cinchona. 
It is extensively used in the orient and in the tropics as a remedy for 
malaria. 

Quinamine, Ci9H 24 0 2 N 2 , m.p. 185-186°, [a] D + 116°, is a minor 
alkaloid from cinchona bark. First isolated by Hesse in 1872, its struc¬ 
ture has been established by Kirby 1 as an indole analog of the cinchona 
bases. 


CHOH-CH-CH 2 

I \ 

ch 2 oh n—ch,—ch,—ch 

\ / 

CH 2 -CH—CH=CH 2 


Quaternary ammonium compounds prepared by the reaction of quinine 
with alkyl halides, e.g. hexyl chloride, produce curarelike paralysis on 
frogs and neuromuscular paralysis in dogs. 2 


»Kirby, J. Chem. Soc., 1945, 528. 

* Chase, Lehman, and Rickards, J. Pharmacol., 82, 266 (1944). 
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Synthesis of Quinine 

The synthesis of quinine has now been achieved Woodward and 
Doering' started with aminoacetal, m-hydroxybenzaldehyde, and quin.e 
acid and prepared quinatoxine. This compound was identical with the 
quinatoxine obtained by degradation of the natural alkaloid, and from 
which Rabe and Kindler 2 had previously resynthesized quinine, the 
essential steps are summarized as follows: 


+ HiNCHjCH (OCjH»)j 




2 Bt« 





CrO, 


7-keto derivative 


/ \ / \ 

HiC CH CH, 

I I I 

HOHC CH NCOCHi 

\ / \ / 

CH CHa 

I 
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Na+EtONO 
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CHaCHaCOOH 


CHa CHa 

/ \ / \ 
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COOEtCH N—COCH, 
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HON=C CH, 
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reduction o( oxime 

then Hofmann 
exhaustive methyl- 
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CH 

/ \ 

CH,=CH—HC CHa 

I I 

H,C CH, 

\ / 

N 

I 

H 

cie-isomer used 


CHaCH,COOCaH, 


5 steps 


CH 

/ \ 

CH,=CH—HC CH, 

I I 

H,C CH, 

\ / 

NH 


Claieen condensation 

with ethyl quinate, 
" ketone ” synthesis 


1 Woodward and Doering, J. Am. Chem. Soc. t 67, 860 (1945). 
* Rabe and Kindler, Ber., 51, 466 and 1360 (1918). 
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CH,< 


CO—CHi- 



-CH, 
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^JHN—CH,—CH,—CH 

I / 

CH,-CH—CH=CH, 


Quinn toxine, 

( +)-iaomcr identical with 
that obtained from quinine 


Br in HBr 
Then ^OH 


CO—CH-CH, 

CH.o/V^ ^ CH' CHr-CH Al+N^.-EtOH QuiniDe 

I CH,-CH—CH=CH, 

Quininone 


SYNTHETIC ANTIMALARIAL AGENTS 

After the attack on Pearl Harbor and the loss to the United States 
of the major portion of the world’s supply of quinine, and with a war 
raging in some of the earth’s worst malaria regions, an intensive cam¬ 
paign was instituted to increase the effectiveness of available anti- 
malarial drugs and, if possible, to provide new ones with greater efficacy. 
Hope that better synthetic antimalarial compounds might be found 
was encouraged by the pre-war discoveries of pamaquine and quinacrine. 
Under the guidance of the Committee of Medical Research of the Office 
of Scientific Research and Development a program was set up by which 
all types of substances might be tested in experimental malaria; on the 
basis of results obtained, the activity was correlated with chemical 
structure, and the synthesis of likely new compounds was projected. 
University, governmental, and industrial laboratories co-operated in an 
extensive program. 

The survey sponsored the screening of 12,400 compounds. Of these 
103, including for comparison some that were previously known, were 
tested in man for suppressive, prophylactic, or curative activity. Only 
a few of them are mentioned here. 1 

a-Piperidyl-4-quinolylcarbinol (SN 2,549 2 ) has a quinine equivalent 
less than 0.3. Introduction into the quinoline nucleus of chlorine atoms 
in positions 6 and 8 and a phenyl in position 2 results in compound 

1 For more extended discussions of the program and of results see Elderfield, Chem. 
and Eng. News, 24, 2598-2602 (1946). For a complete report see, Survey of Anti¬ 
malarial Drugs 1941-1946, F. Y. Wiselogle, editor; J. W. Edwards, Ann Arbor, 
1946. 

* SN means “ survey number.” 
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SN 10,275, which has a quinine equivalent of 3, and it may have 
curative activity against vivax malaria. 

CH 2 —CH 2 

/ \ 

CHOH—CH CHa 

\ / 

NH—CHa 



CHa—CHa 

/ \ 

CHOH—CH CHa 

\ / 

^ NH—CH, 


SN 2,549 



!ftH 6 


Chloroquine [SN 7,618, 7 -Chloro^( 4 -diethylamino-l-methylbutyl- 
amino)quinoline] is three times as effective against avian malaria and 
twice as effective against human malaria as q umacnne . Doses of 1.0 
to 1.4 grams given over one or two days are highly effective in terminating 
acute attacks of vivax malaria. Suppression of relapses has been 
accomplished with doses of 0.3 gram weekly. It does not cause dis¬ 
coloration of the skin. It is obtained by coupling 4 , 7 -dichloroqumoline 
with 5 -diethylamino- 2 -aminopentane: 


CH, 

NH,—CHCHaCH,CH,N(CaH 6 )i — 

CH, 

NH-CH-CHa-CHa-CHa-N (C,H 6 ) 




Introduction of a methyl group into the 3 position of the chloroquine 
molecule, as in SN 6,911, reduces the effectiveness. Chloroquine is used 
as the diphosphate in the form of tablets for the routine suppression 
and treatment of malaria. It does not give prophylactic protection 
against vivax infection in endemic areas. 

Pamaquine Naphthoate, N.F. (Aminoquin Naphthoate, Plasmochin, 
SN 971, Methylene-5zs-/3-hydroxynaphthoate of 6-methoxy-8-(l-methyl- 
4-diethylamino)-butylaminoquinoline), was introduced as an anti- 
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malarial in 1926. It has a specific toxicity for the gametocytes of all 
forms of plasmodia. In bird malaria it has been reported to be about 
sixty times as effective as quinine. It has the advantage over quinine 
that it destroys the sexual forms of the p arasites . It does not cause 
cinchonism, and it has little if any oxytocic activity. Tablets are the 
usual mode of administration, but it is also given in capsules and in the 
form of a combination with quinine. 

Plasmochin is prepared by condensing 6-methoxy-8-aminoquinoline, 
obtained by a Skraup synthesis on 3-nitro-4-aminoanisole, followed by 
reduction with l-diethylamino-4-bromopentane. It is purified by dis¬ 
tillation in a high vacuum after the removal of unreacted methoxy- 
aminoquinoline by steam distillation. The l-diethylamino-4-bromo- 
pentane is prepared from the same ketone obtained as an intermediate 
in atabrine manufacture, by catalytic reduction to the alcohol, followed 
by bromination. 



NHCH (CH 3 )CH 2 CH 2 CH 2 N (C 2 H *) 2 

Pamaquine may be of some value in selected cases of resistant malaria. 
It cannot be used alone for suppressive treatment or to control malarial 
seizures. It is toxic and has a narrow margin of safety. Its use has 
declined as more effective drugs have been discovered. 

Studies of the relationships between chemical constitution and anti- 
malarial activity in compounds of the pamaquin type indicate that: 
(1) branching of the diethylaminoalkyl side chain decreases the thera¬ 
peutic index except for the a-methyl group which decreases the toxicity 
and causes an increase in the index; (2) the diethylamino and the 
dipropylamino terminal basic groups yield the highest therapeutic 
index; (3) the methoxy group in position 6 is essential for appreciable 
activity. With larger ether groups, the activity tends to disappear. 
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quinine, and it may prove curative when given alone. 

8-(4-isopropylamino-l-butylamino)-^methoxyqumolme (SN 13,274) 

is reported to effect cures of 95 per cent of all malaria relapse cases, when 

used in conjunction with quinine. ... ontimalarials 

The guiding principle in the early work in synthetic ant.ma ana s 

was appreciation of the requirement of a basic fragment a 

heTeroScle, such as quinoline, acridine, and benzoxazme Schonhofer 

suggested that activity in these compounds is associated with tautomer- 

ism; for quinacrine this may occur as follows: 

CH, 



CH, 

N—CH—CH a CH a CH a N (C a H,)a 

II 


II 3 



With the hope of breaking away from the conventional heterocycles 
Curd, Davey, and Rose turned to pyrimidine, thinking in terms of 
sulfadiazine without the SOz— bridge. 2-Aminopyrimidine deriva¬ 
tives were found to be active; these also may exhibit tautomerism: 



H 

N—CH 

N—CH 

X \ 

/ 

ArNH—C CH ~ 

">■ ArN=C CH 


“ \ / 

N=C 

N=C 

\ 

\ 

NHR 

NHR 


Next the guanidino group was tried in conjunction with the pyrimidine 
heterocycle; p-chlorophenyl-2- (4-methyl-6-diethylaminoethylamino- 



562 HETEROCYCLES CONTAINING ONE HETEROATOM 
pyrimidyl)guanidine, number 3349, proved superior 


N—C—CH, 



NH N=C 

\ 

NH—CHjCHaN (CjH»)a 

and was effective against Plasmodium vivax. This was in harmony 
with the original hypothesis, suggesting that antimalarial activity may 
be associated with interplay of tautomerism. The next step was to 
examine compounds which, in effect, have the pyrimidine cycle opened, 
that is, the biguanides; this line of investigation culminated in the 
discovery of paludrine, “ 4888 ” (page 428) 


NH—CH—CH, 



NH NH 


Paludrine 


a compound that stands out particularly for its intensity and range of 
activity. 1 

Quinacrine (Mepacrine, Atabrine, SN 390, 6-Chloro-9-(4-diethyl- 
amino-l-methylbutylamino)-2-methoxyacridine) is used as the dihydro¬ 
chloride in Quinacrine hydrochloride, U.S.P. It is a yellow powder 
with a bitter taste, soluble in water about 1 : 30, forming neutral 
fluorescent solutions. It will be noted that quinacrine has the same side 
chain as pamaquin. It was introduced as an antimalarial in 1930 after 
Mauss and Mietzch had synthesized it and many other closely related 
compounds. It appears that quinacrine is about as effective as quinine 
in the treatment of malaria. It has the advantages that it has no 
oxytocic action and so can be used during pregnancy when quinine is 
contraindicated; it is well tolerated, and the margin of safety between 
the effective and the toxic dose is relatively large; it does not cause 
cinchonism; and it does not have the intense bitter taste of quinine. 
It may be administered alone, or in combination with pamaquin. It is 
administered orally in capsules or as tablets. Parenterally, it is ad¬ 
ministered as a 1 per cent solution intravenously or as a 2 per cent 


1 Curd, Davey, and Rose, Ann. Trop. Med. ParasitoL, 39, 208 (1945). 
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solution intramuscularly. It is active against the erythrocytic phase 

of all forms of malaria. . . 

The procedure used in the large-scale production of atabrine consists 

in condensing 2,4-dichlorobenzoic acid, obtained from the 2,4-chloro- 
aminotoluenes by the Sandmeyer reaction followed by oxidation, with 
p-anisidine, closing the ring with phosphorus oxychloride, and heating 
the resulting 2-methoxy-6,9-dichloroacridine with l-diethylamino-4- 
aminopentane in anhydrous phenol. 



(CiH« hN(CHi)iCHN HiCHi 


NHCH(CH,)CH 2 CH 2 CH 2 N (C 2 H 6 ) 2 



The aminoalkylamino side chain has a marked effect on the activity 
of compounds of the quinacrine type. Maximum activity is attained 
in an homologous series with a C 4 side chain. Lower members are more 
active but also more toxic. The activity diminishes in the C 5 and C 8 
compounds. The presence of an a-methyl group more than doubles 
the therapeutic index of the amyl side chain. Straight- and branched- 
chain hexyl derivatives have about the same therapeutic index. 

It checks the progress of the disease because it is active against the 
asexual forms (Trophozoites) of the organisms causing malaria. Quin¬ 
acrine is absorbed readily from the intestines and is excreted chiefly 
in the urine and feces. It colors the urine an intense yellow and may 
cause yellow coloration of the skin, which disappears a week or two after 
withdrawal of the drug. 
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Ergot Alkaloids 

Ergot, a species of Clamceps purpurea , is a fungus growth on rye. It 
was undoubtedly known to the early Teutons, and it was responsible for 
the outbreaks of ergotism which are now known to have resulted from 
eating contaminated rye bread. It was also known to the early mid¬ 
wives of France and Germany, who employed it with effectiveness, 
especially in prolonged labor. The modern use of ergot in medicine 
dates to 1808, when Stearns, of Saratoga County, New York, published 
his paper on the “ Account of Pulvis Parturiens, a Remedy for Quicken¬ 
ing Childbirth.” 

Ergot is one of the most curious of drugs. It belongs to one of the 
lowest botanical orders, yet it produces some very complex substances. 

TABLE 55 


Ergot Alkaloids 


Molecular 

formula 

Alkaloid 

Melting 

Point 

(dec.) 

lain in 
Chloro¬ 
form 

Discovered 

by 

Year 

Ci&HjfOtNt 

Ergocristine* 

165-70 

-183 

Stoll and Hofmann 

1943 


Ergocristinine 

226 

+336 

Stoll and Hofmann 

1943 

CjjH«iOjN» 

Ergocryptine* 

212-4 

-187 

Stoll and Hofmann 

1943 


Ergocryptininc 

240-2 

+408 

Stoll and Hofmann 


CiiHi«()&N» 

Ergocornine* 

182-4 

-188 

Stoll and Hofmann 

1943 


Ergocorninine 

228 

+409 

Stoll and Hofmann 

1943 

CuHjiOjNi 

Ergotamine 

213 

-155 

Stoll 

1918 


Ergotaminine 

252 

+385 

Stoll 

1918 

CioHuOiNg 

Ergosine 

— 

-194 

Smith and Timmis 1 

1936 


Ergosinine 

228 

+522 

Smith and Timmis 

1936 

C„H„0,N, 

Ergonovine 

(ergometrine) 

160 

- 44 

Thompson 

1935 


Ergometrinine 

195 

-520 

Dudley and Moir 

1936 


• Ergocristinc, ergocryptinc and crgocornine were separated in about equal amount* from ergo¬ 
toxine. 1 Ergotoxine was originally characterized as a pure compound. CitHivOkNi, by Barger and 
Carr in 1907. Hence, there is no doubt that ergotinine. isolated by Tanret in 1875 and considered as 
the ( +)-diastcrcoisomer of ergotoxine. is abo a mixture. 

It is seen that the alkaloids appear in diastereoisomeric pairs. Of 
these the levorotatory isomers are physiologically active. However, 
the pairs yield the same fragments on hydrolytic fission, as shown in 
Table 56. 

Lysergic acid is common to all the alkaloids and obviously holds 

1 Smith and Timmis, J. Chem. Soc., 1937, 396. 

* Stoll and Hofmann, Helv. Chim. Acla, 26, 1570 (1943). 
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Diastereoisomeric Pair 

Hydrolytic Products 

Ergocristine-crgocristinine 

Ergocryptine-ergocryptinine 

Ergocomine-ergocorninine 

Ergotamine-crgotaminine 

Ergosine-crgosinine 

Ergonovine-ergometrinine 

(-f )-Lysergic acid, L-phenylalanine, D-proline, 
dimethylpyruvic acid, ammonia 
( + )-Lysergic acid, is-leucine, D-proline, di¬ 
methylpyruvic acid, ammonia 
( + )-Lysergic acid, L-valine, D-proline, di¬ 
methylpyruvic acid, ammonia 
( + )_Lysergic acid, i^phenylalanine, D-pro¬ 
line, pyruvic acid, ammonia 

Lysergic acid, leucine, prolinc, pyruvic acid 
Lysergic acid, 2-amino-1-propanol 


much of the secret of their structure. Hence it has received considerable 
attention. Its molecular formula is CuHi«0 2 N 3 ; it is a monobasic 
acid; degradation and analytical reactions indicated that the molecule 
contains both quinoline and indole arrangements. Jacobs and Craig 1 
have advanced the structure shown: 

/CH 3 


They postulate that a shift of the double bond from the 5,10 position 
to 10,9 may be involved in the change of the ( —)-alkaloid into the 
(+)-diastereoisomer. The correctness of the proposed formula receives 
support in the synthesis by Uhle and Jacobs 2 of dihydrolysergic acid. 
The key step involves a quinoline synthesis, starting with 3-amino- 
naphthostyril and cyanomalondialdehyde, and hydrogenation of the 
product. 




» J. Biol. Chem., 115, 227 (1936). 

2 Uhle and Jacobs, J. Org. Chem., 10, 76 (1945). 
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Methylation 
then hydro¬ 
genation 



acid 

The simplest of the ergot alkaloids is the ergonovine-ergometrinine 
pair. Each on hydrolysis yields lysergic acid and 2-amino-l-propanol, 

NH 2 

I 

Ci*H 23 0 2 N 3 + HOH —► CuHieO^N, + CH 3 —CH—CH 2 OH 

The reasonable assumption is made that in the natural base these two 
compounds are joined in amide linkage, as shown. 

Compounds of the type in which lysergic acid is joined in amide union with simple, 
physiologically active bases, are described in Stoll and Albert’s patent, U.S. 2,090,430. 
Included in the group is ( + )-lysergic acid isopropanolamide, m.p. 195-196°. This 
may be taken as evidence of the resynthesis of ergometrinine from its fragments. 
The amides formed from ( + )-lysergic acid with ( + )-2-amino-l-butanol and with 
2-amino-1,8-propandiol also are active. 1 The diethylamide of (+)-lysergic acid has 
a specific action on the central nervous system.* 

Except for the ergonovine-ergometrinine pair, the alkaloids of ergot 
yield, on hydrolysis, ammonia and four acids. Since these acids 
normally occur together in amide or peptide linkage, and since it is 
certain that the two fragments of ergonovine are joined in amide 
linkage, it would appear quite certain that all the normal cleavage 
products in all the ergot alkaloids are naturally bound together in amide 
linkage, not unlike the type of union found in proteins themselves. 

1 Stoll and Hofmann, U. S. pats. 2,265,207 and 2,265,217; C.A., 36, 2087 (1942). 

* Brit. pat. 579,484; C.A., 41, 2450 (1947). 
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But the order in which the fragments appear remains to be determined. 

The physiologically active alkaloids include the levorotatory isomers. 
Of these, ergotoxine, ergotamine, and ergonovine are used medicinally. 
The ergot alkaloids are used for their action on the uterus and blood 
vessels. Numerous preparations combine the activities of the total 
alkaloids of the drug. They vary from simple extractives such as the 
official fluid extract to water-clear products. The chief use of all the 
products is to stimulate contraction of the uterine musculature, to check 
postpartum hemorrhage, and stimulate uterine involution. 

Ergotamine Tartrate, U.S.P., N.N.R. (Gynergen), consists of colorless 
crystals, soluble in water about 1 : 500 and in alcohol about 1 : 500. 
It is more effective when given subcutaneously than when administered 
orally. 

Ergotoxine Ethanesulfonate is a white, crystalline powder, insoluble 
in water, and decomposed by light and air. It is used as the standard of 
activity for the ergot alkaloids. 

Ergonovine (Ergotrate, Ergometrine) is available as two different 
salts, namely, Ergonovine Maleate, U.S.P ., and ergonovine hydracry- 
late (Ergotrate-H) in tablets for oral use and in sterile ampuled solution 
for intravenous or intramuscular injection. The free base, ergonovine, 
is readily soluble in water. It is active on the uterus in smaller doses 
than ergotamine or ergotoxine, and it is less toxic than the latter 
alkaloids. 

Hydrogenation of the ergot alkaloids yields their dihydro derivatives, 1 
with loss of characteristic physiological properties. Dihydroergotamine 
(DHE45) is sympatholytic* and has been used with appreciable 
success for the treatment of migraine.* 


- Acridine Dyes 

Acridine is a constituent of coal tar" It bears the same relationship 
to anthracene that pyridine does to benzene or that quinoline does to 
naphthalene. It may be regarded as anthracene in which one of the 
=eCH groups of the middle ring is replaced by =N—. 




1 Stoll, Hofmann, and Petrzilka, Helv. Chim. Ada, 29, 635 (1946). 
a Hazard, Corteggiani, and Cheymol, Compt. rend. soc. biol., 140, 407 (1946); 
C.A., 41, 807 (1947). 

5 Yonkman, Med. Chem. Symposium, Ann Arbor, 1948. 
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• The similarity between the structures of quinoline, which had been 
obtained from quinine, and acridine led investigators to test for anti- 
malarial activity various acridine dyes which had long been known. 

(In 1912, Benda synthesized pure diaminoacridinium methyl chloride 
which had been known since 1890. Ehrlich found this compound to be 
effective against trypanosomes and later named it Trypaflavin.) Studies 
of this and related compounds by Browning and co-workers in England 
in 1913 led to the introduction of acriflavine (Ehrlich’s Trypaflavin), 
acriflavine hydrochloride, and proflavine as wound antiseptics, which 
were used extensively by the Allies during World War I.) Later work 
(1921-1923) by Morgenroth and his co-workers on the bactericidal 
action of the alkoxy derivatives of the diaminoacridines resulted in the 
discovery of Rivanol. Chemotherapeutic studies of antimalarial syn¬ 
thetic products in the dye industry at Elberfeld in Germany brought 
about the introduction of Atabrine. 

The preparation of acriflavine hydrochloride is indicated by the 
equations: 


CJIsNH, + CHiO —► CeH»N=CH, 


C «H>NH i 

H(J" 


Aniline Formaldehyde 




CH 
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CH 



Proflavine is prepared by dissolving 2,8-diaminoacridine in sulfuric acid. 

Acriflavine, N.F., N.N.R., Acriflavine Hydrochloride, N.F., N.N.R., 
Proflavine Dihydrochloride, N.F., N.N.R., and Proflavine Sulfate, N.F., 
N.N.R., are brownish-red, odorless, crystalline or granular powders of 
bitter taste which dissolve readily in water, forming fluorescent solu¬ 
tions. They are slightly soluble in organic solvents. Aqueous solu¬ 
tions are stable on boiling but are sensitive to light. 

Acriflavine, proflavine, and their salts are actively antiseptic and 
bacteriostatic. Acriflavine is more toxic and more antiseptic than 
proflavine, and it acts more slowly. The free bases are often preferred 
to the salts for use on sensitive mucous surfaces owing to the irritation of 
the latter. The antiseptic value of these compounds is well maintained 
in the presence of wound secretions. They are claimed to be very 
slightly toxic to phagocytes and epithelium and to interfere very little 
with the healing process. They have been used in the treatment of 
wounds, eczema, urethritis, gonorrhea, and other conditions which 
require the use of an antiseptic. Intravenous administration in the 
treatment of influenza, pneumonia, rheumatism, etc., has been found to 
be ineffective (Ruhnou, 1920). When taken by mouth these compounds 
are of value as urinary antiseptics provided that the urine is alkaline. 

Rivanol is an acridine derivative of the structure: 

NH 2 
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It was found by Morgenroth (1921) to be the most effective compound 
in an homologous series extending from the methoxy to the isoamyloxy 
derivatives. It is a yellow dye, soluble 1 : 15 in water. Rivanol is used 
to some extent in the treatment of amebic dysentery. 

Quinacrine, an acridine derivative, is discussed under synthetic 
antimalarials, page 562. 

Antifilarial agents are found among the cyanine dyes. One com¬ 
pound, (l-amyl-2,5-dimethyl-3-pyrrole)(l,6-dimethyl-2-quinoline)di- 
methinecyanine chloride, is completely curative at maximally tolerated 
doses. These dyes inhibit oxygen consumption by adult filariae at 
effective concentrations from 1 : 25 million to 1 : 6 million. As study 
with these compounds progressed, it appeared that activity is associ- 

+ 111 I 

ated with the grouping =N=C—(C=C) n —N= =N—C= 
I I + 

(C—C)n=N=. One or both nitrogen atoms may be part of a hetero¬ 
cyclic system. One member of this dye was particularly effective, 
1'-ethyl-3,6-dimethyl-2-phenyl-4-pyrimido-2'-cyanine chloride, 



Infested rats receiving this compound intravenously in doses of 1 mg. 
per kg., repeated 3 to 6 times at 1, 3, or 7 days, were invariably cured. 
During administration of the drug there was a transient- hypotensive 
effect with compensatory tachycardia. 1 


Ts nquinoline . 

About 4 per cent of the quinoline fraction obtained from coal tar is 
isoquinoline. The two isomers are separated by fractional crystalliza¬ 
tion of their sulfates, isoquinoline sulfate being the less soluble. Iso¬ 
quinoline possesses an odor resembling that of benzaldehyde. As a 
base it is somewhat stronger than quinoline. Like quinoline the hetero¬ 
ring is more susceptible to reduction but extremely stable toward 
oxidation. 

1 Welch, Peters, Bueding, Valk, and Higashi, Science, 105, 486 (1947). 
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COOH 

I 

C 


/ 


HC 


C-COOH Q HC 


HC 


CH 


HC 


\ 


N 


Cinchoroeronic »cid, 
pyridi no-3,4-di carboxylic acid 


CH CH 

' \ / X 

C CH 
II I 
C N 

/\s 

CH CH 

Isoquinoline, 

3.4-beniopyridino 


2H. 


CH CHj 

✓ \ / \ 

HC C CHi 

I II I 

HC C NH 

/ \ / 

CH CH, 

Totrahydro- 
isoqui noline 


Tetrahydroisoquinoline possesses all the properties characteristic of a 
secondary benzylamine; it is sufficiently basic to react with the carbon 
dioxide of the air to form a carbonate. The isoquinoline nucleus is pres¬ 
ent in many natural and medicinally important bases. 


The manner of the biogenesis of the isoquinoline alkaloids has not been determined, 
but speculations in this respect are not lacking. A general mechanism would involve 
a condensation somewhat as follows: 


CH CH, 

✓ \ \ 

X—C C CH, _ Hi0 

III—* 

Y-C C- NH, 

s / 

CH O 

II 

CH—R 


CH CH, 

✓ \ \ 

X—C C CH, 

I II I 

Y—C C NH 

s / \ / 

CH C 
l\ 

R H 


to give closure of the heterocycle; this followed by biological processes such as 
oxidation, and reduction, would account reasonably for the formation of the bases 
such as the mescaline compounds or the benzylisoquinoline derivatives. Aldehydes 
are known natural products and hence are readily explained. The necessary phenyl- 
ethylamine intermediate may very well be derived, by biological degradation, oxida¬ 
tion, etc., from a substituted phenylalanine, thus: 


CH CH, 

✓ \ \ 

X—C C CH—COOH 

II. I 

Y—C CH NH, 

CH 



CH CH, 

✓ \ / \ 

X—C C CH, 

I II I 

Y—C CH NH, 

CH 


Evidence for such a mechanism in nature may be presumed in the Bischler-Napieral- 
ski reaction. Here, however, the conditions are so drastic that biological conditions 
cannot duplicate them. Therefore, to check the hypothesis under conditions ap- 
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proximating nature with respect to pH range and temperature, Schopf and Bayerle 1 
allowed a solution of M/25 3,4-dihydroxyphcnylethylamine and M/12.5 acetalde¬ 
hyde to stand for 3 days at 25° at pH 5; at the end of that time he reported excellent 
yields of 6,7-dihydroxy-l-methyltetrahydroisoquinoline. 


ch 2 

HOC C CH 2 

I II I 

HOC C __NH 

\/ ;fl H 

H 


CH CH 2 
HOC X C N CH 2 

-» I II I 

HOC. C NH 

H \ S CH X CH 

\o=ch-ch 3 x ch 3 


This reaction took place spontaneously and without the aid of enzymes or catalysts. 
It is not impossible that many natural products are prepared in an analogous manner. 


Anhalonium Alkaloids 


A group of closely related isoquinoline bases has been isolated from the 
mescal button, Anhalonium levnnii. A comparison of their structural 
formulas will show how all of them may be considered as having a 
common precursor with mescaline, the most abundant of the entire 
group. 


CH* 


CH* 




tetrahydroisoquiooline 


Mescal (PeyotS) has no usage in therapy, but it is employed by certain 
Indian tribes in the southwestern part of the United States in religious 
ceremonies for the hallucinations and psychic effects which it produces. 


CH* 


CH* 


CH* 


^CH* CH.O-/Y x ch* ch,o-/Y 


,N—CHa 


Anhalin® 

(Identical with hordenlne) 


CHaO-L 1 /NH CHaO-Lj^ .N-CHa 


CH* 
OH 

Anh&lamine, 
0.7-dimethoxy-S- 
hydroxy-tetrahydi o- 
isoquinoline 


/‘ 

| CH, 

OH 

Anhalldin®, 
6,7-dimeihoxy-8- 
hydroxy- 2 -metbyltetrahydro- 
isoquinoline 


» Ann., 513, 190 (1930). 
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CH 2 



Anhalonidine, 

0,7-diraethoxy-&-hydroxy-l- 

methyltetrahydroiaoquinoline 


ch 2 



CH, 

Pellotino, 

6.7-dimethoxy-l .2-dimethyl-8- 
bydroxytetrahydroiaoquinoline 


CH.O-/N 

ch 2 

/ X CH2 

CH.O-Y 

CH 2 

Pr 


\ / NH 


^N-CHs 

iY 

T 

CH 

1 1 

CH 

CH 2 —0 

1 

CH,—0 

CH, 

CH, 



Anhaloninc, 1 -metboxy-fl- 
methyl-7.8-methylenedioxy- 
tetrahydroisoquinoline 


Lophophorin®, l,2-d>m©tbyl- 
6-m«thoxy-7,8-methy lenodioxy- 
t®trabydroiaoquiDoUne 


Camegia Alkaloids 

From the Camegia gigantea, another cactus species, has been isolated 
carnegine, l,2-dimethyl-6,7-dimethoxy-tetrahydroisoquinoline, a com¬ 
pound closely related to the mescal alkaloids. From the Salsola richteri 
karel, a desert plant belonging to Chenopodiaceae, has been obtained 
salsoline, G-hydroxy-7-methoxy-l-methyl-tetrahydroisoquinoline. Sal- 
solin is reported to relieve hypertension without interfering with cardiac 
activity. 1 

CH CH 2 


CH,0—C 

I 

CHaO—C 


\ / 
c 


\ 


c 

, / \ / 

CH CH 


ch 2 

I 

N-CH, 


HO—C 

I 

CHaO—C 


CH 


ch 2 

/ \ 


c 

/ \ / 

CH CH 


CH S 

I 

N—H 


CH, 

Carneeio® 


CH, 


S&laoline 


These closely related cactus alkaloids serve as an excellent illustration of the 
principle that the products of biosynthesis in a plant are structurally very similar. 
This holds true often not only for a single species but also for closely related or 
allied species. 

Opium Alkaloids 

Opium is the sun-dried latex from the unripe fruit of Palaver som- 
niferum. About 20 per cent of the opium consists of natural bases. 

1 Wastl. Hahnemannian Monthly. 81, 243 (1946); C.A., 40, 5147 (1946). 
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Because of the great medicinal importance of the opium alkaloids the 
world’s production in normal times is very large. In one year the pro¬ 
duction of 1,913,834 kg. of raw opium was reported by the League of 
Nations, and during the same year 30,788 kg. of morphine was produced 
legitimately. It is estimated that the illegitimate annual production of 
opium exceeds perhaps 5 million kg. 

The opium poppy is cultivated in Egypt, India, China, Persia, and 
other countries, but the chief source of medicinal opium is Asia Minor. 
The gummy exudate from the incised capsules is dried and molded 
to form gum opium. This may be dried, powdered, deodorized, and 
processed to make the official powdered opium or granular opium. 
Opium contains about 20 to 25 per cent total alkaloids, the remainder 
consisting of true gums, sugars, resins, organic acids, fixed oils, and 
proteins. 

In Table 57 is given a list of the chief alkaloids that have been isolated 
from opium. 


TABLE 57 


Alkaloids from Opium 


Formula 

Alkaloid 

Amount in 
Opium, 
Per Cent 

Discovered by 

Year 

C»tHiiO»N 

Morphine 

9 

Serttirner 

1814 

c„h m o,n 

Narcotine 

5 

Robiquet 

1817 

CaoHtiChN 

Papaverine 

0.8 

Merck 

1848 

CuHnOjN 

Thcbaine 

0.4 

Pelletier and Thiboum^ry 

1835 

CuH^O.N 

Codeine 

0.3 

Robiquet 

1832 

C„H n O,N 

Narceine 

0.2 

Pelletier 

1832 

C„H„0,N 

Cryptopin 

0.08 

Smiles 

1857 

(CitHuOjN)i 

Pseudomorphine 

0.02 

Pelletier and Thiboum 6 ry 

1835 

C 20 H J 4 O 4 N 

Laudanine 

0.01 

Hesse 

1870 

C„H„0«N 

Lanthopine 

0.006 

Hesse 

1870 

C»H„04N 

Protopine 

0.003 

Hesse 

1870 

c w h„o«n 

Codamine 

0.002 

Hesse 

1870 

(C„H n O,N), 

Tritopine 

0.0015 

Kauder 

1890 

CuHtrO.N 

Laudanosine 

0.0008 

Hesse 

1871 


The alkaloids of opium may be divided into two distinct groups on 
the basis of their chemical constitution and their physiological activity, 


1. Derivatives of phenanthrene include morphine, codeine, and the- 
baine. These act primarily on the central nervous system to produce 
a combination of stimulant and depressant effects, and they stimulate 
the contraction of smooth muscle. 
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2 Derivatives of benzylisoquinoline include papaverine, narcotine, 
and narceine. They have little action on the nervous system and a 
marked antispasmodic action on smooth muscle. 

Papaverine Hydrochloride, U.S.P., N.N.R., is the only official salt 
representative of the benzylisoquinoline derivatives. It is a white, 
crystalline powder, soluble in water about 1 : 40. Its chief action is as 
an antispasmodic causing relaxation of smooth muscle. It is not analgesic 
or hypnotic in therapeutic doses. The chief use is in the treatment of 
pulmonary arterial embolism when it is administered in solution by 
intravenous injection. It is also used to relax the spasms in renal and 
biliary colic, etc., when it is administered orally or by injection. Prep¬ 
arations of papaverine with codeine have been recommended for the 
treatment of colds. 

Papaverine is soluble in acid solutions but insoluble in water and 
alkalies. It is optically inactive. It was the first of the naturally 
occurring bases to be identified as being derived from isoquinoline. 

The structure for papaverine was confirmed by its synthesis (Pictet 
and Gams, 1909) according to the steps: 

CO 




OCH, 


OCH, 
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Cotarnine Chloride, N.F. (Stypticme), » a pale yellow 
powder, very soluble in water with the formation of neutra solution^ 
It was first prepared by Wohler in 1844 by the oxidat.on of narcot.ne 
with manganese dioxide and sulfuric acid. 



I 

CH 3 


Cotarnine cUlorldo 


It is used in arresting hemorrhage, e.g., in profuse menstruation, 
climacteric hemorrhage, and nosebleed. It may be administered in the 
form of tablets or by subcutaneous injection. Externally, it may be 
applied topically as a 30 per cent solution on gauze or cotton. 

Cotarnine Phthalate (Styptol) is used for purposes similar to those of 
cotarnine but it is not suitable for administration by injection. 

Mo rphine and t he compounds related to it are the most important 
alkaloids derived from opium. The relationship between the structures 
of these compounds may be seen from the following list where R replaces 
the hydrogen of the phenolic hydroxyl in morphine and R' equals the 
group attached to the alcoholic hydroxyl in the formula, RO —Cnlhr 
ON—OR': 


Natural Alkaloids 

Morphine 

R = H— 

R' = H— 

Codeine 

R = CHj— 

R' = H— (methyl morphine) 

Thebaine 

R = CHj— 

R' = CHj— (dimethylmorphine) 

Synthetic Alkaloids 

Heroin 

R = CHiCO— 

R' = CHjCO— (Diacetyl morphine) 

Dionin 

R = CHjCHt— 

R' = H— (Ethylmorphine) 

Dilaudid 

R = H 

R' = nil (keto group) plus Hi 


Morphine is usually employed in the form of its salts, namely, Morphine 
Sulfate, U.S.P., and Morphine Hydrochloride , N.F. f which are more 
soluble than the free base. These are white, crystalline salts. The 
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sulfate is soluble about 1 : 15.5 and the hydrochloride about 1 : 17 in 
water at room temperature. 

Morphine is commonly spoken of as a phenanthrene alkaloid, a struc¬ 
ture which is evident from the formula. This formula, due to Robinson, 
has been generally accepted, but it has not been proved by all the re¬ 
quirements demanded; that is, the analytical and degradation reactions 
can all be explained by this formula, but the complete synthesis has not 
been achieved. 

h 2 

H /C C H CH 2h 

—c ; c ^—c. 

HC X .c—c-— ch 2 'ch 

9—“C 'c -C—OH 

OH ^0^ H H 

Morphine and certain closely related compounds which will be dis¬ 
cussed are the best known agents for the relief of pain. Morphine in 
therapeutic doses exerts a strong narcotic action evidenced by marked 
analgesia and sleep, but pain is often relieved without causing hypnosis. 
It exhibits other activities such as depression of mental faculties, res¬ 
piration, dulling or abolition of the cough reflex, constriction of the 
pupils, and increases the tone of the musculature of the intestines with 
a decrease in peristaltic activity. Morphine is usually administered 
orally in the form of tablets, e.g., Tablets of Morphine Sulfate, U.S.P., 
or by the injection of a solution of the salts. Other preparations such 
as Syrup of White Pine unth Morphine, N.F., have been used as cough 
sedatives. Morphine has the disadvantage that addiction follows con¬ 
tinued use. 

Codeine, N.F., is a white, crystalline powder, soluble about 1: 120 
in water at ordinary temperatures. It is often used as the salts, Codeine 
Phosphate, U.S.P., soluble about 1 : 2.5 in water, and Codeine Sulfate, 
U.S.P., soluble about 1 : 30 in water. The alkylation of the phenolic 
hydroxy group of morphine decreases the analgesic, depressant, intes¬ 
tinal spasmodic, and respiratory activity. Thus codeine requires larger 
doses to produce the same effects as morphine, but it causes less mental 
depression and is much less likely to lead to drug addiction. The most 
extensive use of codeine is for the relief of dry, irritating cough. For 
this purpose, it is incorporated often with other agents that stimulate 
secretion of mucus, e.g., Elixir of Terpin Hydrate and Codeine, N.F. 
Codeine phosphate or sulfate may be administered by injection in 
solution or orally as the tablets. 
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Ethylmorphine Hydrochloride, U.S.P. (Dionin), is intermediate be¬ 
tween morphine and codeine in activity. It is a white, crystalline 
powder soluble about 1:8 in water. It is used for its local irritant action 
in eye diseases in concentrations of 5 to 10 per cent. Other uses and 
forms of administration are similar to those of codeine. 

Heroin (Diacetylmorphine) is of interest only because it illustrates 
the effect on activity of acylating both the phenolic and the alcoholic 
hydroxyl group. In such compounds, the narcotic and the respiratory 
depressant activities of morphine are increased. 

Dihydromorphinone Hydrochloride, U.S.P. (Dilaudid Hydrochloride), 
differs from morphine chiefly in that the alcoholic hydroxyl is oxidized 
to a keto group and a double bond is hydrogenated. As in the acylated 
compounds, the narcotic and respiratory depressant properties are 
increased. The dose is about one-fourth that of morphine. In equal 
amounts, it is about ten times more analgesic than morphine and about 
four times as hypnotic. Thus, it is a desirable agent for the relief of 
pain.' It is administered orally as tablets, by injection in solution, and 
in the form of suppositories. It is reported to be somewhat less habit 
forming and to cause less constipation than morphine. 

Pantopon is a purified mixture of the natural alkaloids of opium suit¬ 
able for injection. 

The relative analgesic activity for morphine and related compounds 
in the cat is given in Table 58. 1 

TABLE 58 


Analgesic Activity of Morphine and Derivatives 


Hydrochloride of 

Minimum Analgesic 
Dose mg./kg. 

Relative 

Analgesia 

Relative 

Toxicity 

Morphine 

0.75 

1.00 

1.00 

Codeine 

8.04 

0.093 

3.72 

Allopseudocodeine 

13.36 

0.056 

2.058 

Isocodeine (acid tartrate) 

13.08 

0.057 

1.176 

Pseudocodeine 

17.82 

0.042 

0.502 


It may at first seem inconsistent with the general principle of similarity in con¬ 
stitution of alkaloids in the same plant or species of plants to find what has been 
spoken of as the benzylisoquinoline alkaloids (papaverine, etc.) and the phenanthrene 
alkaloids (morphine). However, models will show that morphine also is a derivative 
of benzylisoquinoline. It is difficult to show this derivation in a planar formula; a 
rewriting of the Robinson formula may show this at least in part, e.g.: 

1 For a detailed discussion of the relationship between chemical structure and 
analgesic potency in the morphine series see Forneau, Chimie & industrie, 39, 1043 
(1938). 
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This shows the benzylisoquinoline arrangement. If the structure of morphine is 
analyzed in this manner, it is seen that another difference between the morphine 
alkaloids and the papaverine group is the shift of the hydroxyl group in the iso¬ 
quinoline nucleus from position 7 to position 5. 

Another striking fact, which may or may not be significant, is the 
quaternary carbon atom in morphine. It is not present in the papav¬ 
erine-type alkaloids, and these are not analgesic. There is, however, 
a quaternary carbon atom in demerol (page 546), and in the barbituric 
acid derivatives; these do possess analgesic properties. 

A number of synthetic derivatives related to morphine have been 
studied. Some of these offer promise. For details, see the reference to 
the monograph by Small el al. 

Metopon (Methyldihydromorphinone) is obtained by an involved 
chemical modification of thebaine, one of the rarer alkaloids of opium. 1 - 2 
It was prepared under the sponsorship of the Committee on Drug 



Addiction of the National Research Council, with the aid of funds 
from the Rockefeller Foundation. Metopon is not devoid of addiction 
properties, and tolerance toward its use develops slowly: hence, it is 
subject to narcotic control. 

In comparison with morphine, metopon is a more powerful analgesic, 
is less depressing on the mental functions, is free from emetic effect, is 
effective after oral administration, and its use is not accompanied by 
nausea or drowsiness. 

1 Small, Fitch, and Smith, J. Am. Chem. Soc., 58, 1475 (1936). 

* Small, Turnbull, and Fitch, J. Org. Chem., 3, 204 (1938). 
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Metopon is now available only under severely restricted conditions, 
and the supply is limited. 

Apomorphine Hydrochloride, U.S.P., is the salt of an alkaloid ob¬ 
tained by synthesis from morphine by heating the latter in a sealed 
tube at 140° to 150°. The elements of one molecule of water are removed 
in the process with a partial molecular rearrangement to yield the for¬ 
mula given. It consists of white or gray-colored crystals which become 
slightly green on exposure to air and light. It is soluble about 1 : 50 in 
water. The change in structure from morphine to apomorphine greatly 
decreases the narcotic and increases the excitant effects on the central 
nervous system. The stimulation is particularly pronounced on the 
emetic center. Apomorphine is used in small doses as an expectorant. 
The chief use is as an emetic in poisoning, etc. It is usually adminis¬ 
tered hypodermically to ensure prompt and efficient absorption. The 
use of a stomach tube is considered safer and better when available than 
apomorphine or other drugs that cause emesis. 


CH, 

I H, 

N—C 

Ha H/ \ 

C—C CH, 

H / \ / 

C—C C—C HC1 

X X X X 

HC C—C CH 

\ / \ / 

c=c c=c 

II H H 

HO OH 


Apomorphine 



CH CH, 
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N—CH, 


HC 

I 
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\ 


C-CO 


C—OCH, 

X / 
c 

I 

OCH, 

Hydrastine 


Hydrastis Alkaloids 

The plant Hydrastis canadensis (Ranunculaceae) contains three alka¬ 
loids, namely, hydrastine, berberine, and canadine, that are obtained 
chiefly from the roots and rhizomes. 

Hydrastine Hydrochloride, N.F., is the only alkaloid from hydrastis 
used to any extent in medicine. It is a white, slightly hygroscopic 
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powder, very soluble in water. It was used extensively at one time as 
a uterine hemostatic through its stimulation of the uterine musculature. 
It has been largely replaced by more effective agents. A close relation¬ 
ship exists between the structure of hydrastine and the narcotine of 
opium as may be seen from a comparison of their structures. Hydras¬ 
tine has the formula shown on p.*581. 


Ipecac Alkaloids 

The drug, ipecac, derived from the roots and rhizomes of Cephaelis 
ipecacuanha and Cephaelis acuminata (Rubiaceae) contains several alka¬ 
loids. The most important alkaloid is emetine although cephaeline has 
some activity. 

Ipecac was known to the natives of South America who used the drug 
to treat diarrhea. It was introduced into Europe from Brazil in 1658, 
but it was not until about 1840 that the drug was used to treat dysentery. 
The drug is cultivated in India, the Federated Malay States, and other 
countries. The alkaloid, emetine, was first isolated from ipecac and 
described by the French pharmacist, Pelletier, in 1817. 

Emetine Hydrochloride, U.S.P., is a white or slightly yellow, crystal¬ 
line powder, readily soluble in water and in alcohol. It is lethal to the 
motile forms of Endameba histolytica, the pathogenic organism causing 
amebiasis, but not so effective against the cyst form. It is usually 
administered by intramuscular injection. Emetine bismuth iodide 
proposed by DuMez in 1915 for the treatment of amoebiasis has the 
advantage that it can be administered by mouth; usually it is adminis¬ 
tered in capsules. 


CH CH, 

/ \ / \ 

CHaO—C C CH, 

I II I 

CH*0—C C N 

\ / \ / \ 

CH CH CH, CH C—OCH, 

III II 

CHa—CH CH CH CH 

\ / \ / \ / 

CH CH CH 

| | | .2HC1 

H,C CH CH, 

\ / \ / 

CH, NH 


c/ 00 * 
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Emetine is an emetic and expectorant, but the galenical preparations 
of ipecac are more suitable for this purpose. 

Bulbocapnine is an alkaloid obtained from Bulbocapnus cava ( Cory - 
dalis cava). It is a colorless, crystalline compound, m.p. 199°, dextro¬ 
rotatory, insoluble in water, and soluble in organic solvents. It is used 
in the form of its salts, chiefly the phosphate, administered as tablets 
for the control of tremors, paralysis agitans, etc. 



Curare, a dark-colored resinoid mass, used by South American 
Indians as an arrow poison, possesses a lissive action, suggesting its use 
in spastic and other hyperkinetic neuromuscular disorders, possibly 
even in the acute stage of poliomyelitis. 1 

Curare has been difficult to analyze since uniform material has not been available 
and the components not only are numerous but they vary from sample to sample. 
Three kinds of curare are known; the name indicates the container rather than the 
source. Tubocurare was filled into bamboo tubes. Calabash curare was packed in 
gourds. Pot curare was found in native earthen pots. It is now established that 
tubocurare originated with the Indian tribes of the upper Amazon River and is of 
menispermaceous origin, the chief alkaloid coming from Chondrodendron tomenlosum . a 
Calabash curare is obtained from the upper Orinoco region and is prepared from 
Strychrws species. Pot curare comes from the Amazon. 

Tube curare has been studied most. From it have been isolated 
several alkaloids, of which (+)-tubocurarine, a quaternary ammonium 
compound, is the most active constituent. ( —)-Curine and 
(+)-chondocurine are other alkaloids, which are tertiary bases and 
physiologically inactive. Elucidation of their structure shows that 
they have a double benzylisoquinoline structure. 3 * 4 

1 Ransohoff, J. Am. Med. Assn., 129, 129 (1945). 

* Wintersteiner and Dutcher, Science, 97, 467 (1943). 

* King, J. Chem. Soc., 1935, 1381; 1939, 1157. 

4 Dutcher, J. Am. Chem. Soc., 68, 419 (1946). 
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(+)-Tubocurarinc chloride 

fRiis CH,ond R,ia H 
1 

[R,is H and R,ia CHa 
R* is H 
R«i»CH, 

( + VChondocurine diocthochlorido 

{ R,is H and R, is CH, 
or 

R, is CH, and ”R,Is H 
(reverse of tubocurarine) 
R,is H 
Rtis CH. 


( —)-Curine is a ditertiary base of similar structure. 

Pot curare contains many alkaloids, quite phenolic in character. Of 
these, neoprotocuridine, CaeH M 0 eN 2 - 8 H 2 0 , possessing weak curare ac¬ 
tivity, probably is built up of a double benzylisoquinoline structure. 
Isomeric with it but probably of quite different structure is protocuridine, 
an active alkaloid. A third component which is the most active 
physiologically is a quaternary ammonium compound whose iodide has 
the formula C 20 H 26 O 8 NI 2. 1 

From calabash curare several alkaloids have been isolated. C-Cu- 
rine I hydrochloride, C20H21N2CI, and C-dihydrotoxiferine hydrochlo¬ 
ride, C20H23N2CI, have been obtained in pure form. These alkaloids are 
not related chemically to those obtained from tube or pot curare. On the 
basis of their botanical origin they may be expected to show some 
structural similarity to the strychnos alkaloids. 

Tubocurarine Chloride (Intocostrin) is used as an adjunct to general 
anesthesia. Under proper methods of administration it has been found 
to have a wide field of usefulness, for example, to produce muscular 
relaxation during the reduction of fractures and in prolonged surgical 
operations where light, general anesthesia is desirable, to ameliorate the 
traumatic effects of shock therapy in nemopsychiatry, and as a direct 
agent for the control of diseases characterized by convulsive states. 
It is usually administered by injection in aqueous solution. 

Solanaceous Alkaloids 

Alkaloids derived from the tropane skeleton occur widely distributed 
in nature. The solanaceous alkaloids include atropine and hyoscyamine 

1 King, J. Chem. Soc., 1937, 1472. 
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from Atropa belladonna , Hyoscyamus niger, and Datura stramonium. 
Scopolamine occurs in many plants of the Solanaceae family but espe¬ 
cially in Datura metel and Scopolia camiolica. Numerous other closely 
related alkaloids that are not used in therapy occur in the solanaceous 
plants, e.g., apoatropine, belladonnine, noratropine, meteloidine, etc. 

The chief structural characteristic of the tropine bases is that they 
are diheterocyclic, one cycle five-membered and the other six-membered, 
with the nitrogen atom and its two adjacent carbon atoms common to 
the two cycles: 


7 i 
CH*—CH- 


:h. 


I 


8 NCH* 3 CH* 


CH*—CH— 

0 5 

Tropane 


:h 2 


They may be looked upon as being derived from a system in which pyr¬ 
rolidine and piperidine cycles are condensed. Tropane may be con¬ 
sidered the parent compound. 

3-Hydroxy tropane or 3-tropanol is also known as tropine, and the 
corresponding ketone is known as tropanone. The structure of these 
two compounds follows from a simple synthesis worked out by 
Robinson: 
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CH 2 CH 


(Zn HI) 


nch 3 


ch 2 

CHOH 


CH 2 -CH-CH 2 

Tropine, or Tropanol 


The esters of tropine are sometimes called tropeines, of which an exten¬ 
sive series has been synthesized and investigated for physiological merit. 

A tropine, which is tropy ltropeine, was isolated almost simultaneously 
by Mem and by Geiger and Hesse (1831) from belladonna roots, where 
it is found to occur with an isomer, hyoscyamine. The structure 
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of atropine is indicated by the fact that it is hydrolyzed to tropanol and 
tropic acid, and by its resynthesis from these two fragments. It is 
optically inactive, melts at 114° to 116° and, by virtue of its amino group, 
forms salts that are soluble in water. 

CH,—CH-CH, CH,OH 

HOH 

NCH 3 CH—O—CO—CH—C*H B —► 

CH*—CH-CH, 

Atropine 

CH,OH 

I 

+ HO—CO-CH 

I 

CeHs 

Tropio acid 

Hyoscyamine, the most abundant of the tropane alkaloids, very 
closely resembles atropine, the chief physical difference being its optical 
activity, [<x]d° = —20.75; it melts at 108.5° and is slightly more soluble 
in water. The center of optical asymmetry is in the tropic acid portion; 
hence, hyoscyamine is ( — )-tropyltropeine. Hyoscyamine racemizes 
so readily that there is little doubt that it is the configuration which oc¬ 
curs naturally and that during isolation it racemizes into atropine. Its 
rotatory value slowly decreases on standing in solution (see page 673). 

Atropine exhibits a complex physiological action when administered in toxic 
doses; it first stimulates and eventually depresses the central nervous system, giving 
rise to hallucinations, a feeling of exaltation, inconsequent speech, delirium, and con¬ 
vulsions, followed by stupor and coma. It paralyzes the peripheral nerve endings 
and in this way affects the secretory glands, the heart, and organs containing un¬ 
striped muscle; it paralyzes the vagus and slows respiration. In medicine it is used 
principally as a mydriatic. The dilation of the pupil is produced by a paralysis of 
the motor nerve terminations in the circular muscle of the iris, and it paralyzes the 
accommodation by acting on the nerve endings of the ciliary muscle. Internally, 
atropine and closely related compounds are used to alter the cardiac rate; to inhibit 
the gland secretions of the nose, throat, and larynx in coryza, colds, and bronchitis 
and of the sweat glands in tuberculosis; to stimulate the respiration; and to secure 
symptomatic relief in paralysis agitans, etc. ... 

Atropine, U.S.P., consists of colorless crystals, soluble in water about 
1 : 450 and readily soluble in most organic solvents and fixed oils. The 
free base is used chiefly as a mydriatic in ophthalmological practice in 
0.5 to 1 per cent solution in a fatty oil or in gelatin discs. 
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Atropine Sulfate, U.S.P., consists of colorless crystals which effloresce 
in dry air- It is soluble about 1 : 0.4 in water and slightly soluble m 
organic solvents. It is used in the form of the powder in capsules, as 
tablets, or in aqueous solutions which may be injected subcutaneously 
or intravenously. Solutions of 0.5 to 1 per cent are used in ophthal¬ 
mology Such solutions should be freshly prepared as they are unstable 
owing to gradual hydrolysis of the ester. The sulfate alone or combined 
with morphine sulfate is often used prior to anesthesia to decrease 
secretions of the respiratory tract during inhalation anesthesia. 

Scopolamine, known also as hyoscine, is the chief constituent of 
Datura melel. The free base is a syrup, Hd = -24° to -26°, capable 
of forming well-defined salts. Its structure is closely related to that of 
hyoscyamine. On hydrolysis it forms tropic acid and scopine. 


HC-CH 


CH-CH-CH 2 


/ 

) 

\ 

HC-CH- 


I I HOH / 

N—CHj CH—O—CO—CH—C«H 6 —► 0 

III \ 


I I 

NMe CHOH+ 


CHjOH 


CH—CH-CHs 

Scopine 


COOH 


HOCH*— CH—C6H 5 

Tropic aoid 


Scopolamine Hydrobromide, U.S.P., N.N.R. (Hyoscine Hydrobro¬ 
mide), consists of colorless crystals soluble about 1 : 1.5 in water and 
slightly soluble in most organic solvents, m.p. 190-192°. The activities 
of scopolamine and atropine are quite similar in their peripheral effects, 
but the action of atropine is more pronounced and prolonged on the 
heart, intestinal, and bronchiolar muscle, whereas scopolamine is the 
stronger blocking agent for the iris and salivary, bronchial, and sweat 
glands. Scopolamine is used occasionally in ophthalmology, but it is 
used primarily for its central effects. Its systemic action is primarily 
that of a depressant, and therapeutic doses are used to cause dreamless 
sleep in motor excitement, delirium, and mania. It is administered 
orally as Tablets of Scopolamine Hydrobromide , N.F., or in aqueous solu¬ 
tion by injection. 

A number of synthetic substitutes for atropine have been developed. 
The more important of these are: 

Homatropine Hydrobromide, U.S.P. (Mandelyltropeine), consists of a 
white, crystalline powder, soluble in water about 1:6, m.p. about 212° 
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with decomposition. It is less active and less toxic than atropine. It 
is used primarily as a substitute for atropine as a mydriatic; the effects 
wear off in 1 to 2 days, whereas with atropine mydriasis may continue 
for 5 to 12 days. Solutions of 1 to 2 per cent are usually dropped in the 
eye, or gelatin discs may be employed. 

Homatropine Methylbromide, N.F., N.N.R. (Novatrin), m.p. 191— 
192°, is soluble in water and alcohol. It is administered usually as 
tablets for the treatment of hyperchlorhydria and gastrointestinal 


H*C-C H-CH 2 

I I 

N(CH,) 2 CH-O-CO-CH-CeHs 

I I I 

HiC-CH-CH* OH 

Horaalropine mcthobromide 


Br 


Eumydrine (N-Methyl-Atropine Nitrate) is used as a substitute for 
atropine in ophthalmology. It is usually employed in a 0.5 per cent 
solution. It is less potent and less persistent than atropine, the effects 
wearing off in 12 to 24 hr. 

Eucatropine Hydrochloride, U.S.P., N.N.R. (Euthalmine Hydrochlo¬ 
ride, 4(1,2,2,6-Tetramethylpiperidyl) mandelate), is a white, granular 
powder, stable in air and very soluble in water. It is used as a mydriatic 
in solutions of 5 to 10 per cent concentration as drops instilled into the 
eye. The mydriatic effects wear off in about 12 hr. 

Syntropan, N.N.R. (Phosphate of DL-tropic acid ester of 3-diethyl- 
amino-2,2-dimethyl-1-propanol), consists of a white powder, readily 
soluble in water. It is not used as a mydriatic, being only about 1/1000 
as active as atropine, and it does not dry the secretions of the glands as 
atropine does. It is chiefly employed as an antispasmodic in renal 
spasm, etc., as a substitute for atropine. It is of interest to compare 
the structure of this compound with that of larocaine. 
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Coca Alkaloids 

Another series of related tropane derivatives is found in the leaves of 
Erythroxylon coca and other species of Erythroxylon. The alkaloids on 
hydrolysis yield ecgonine, an organic acid, and methanol. 

Explorers of South America as early as 1532 reported that the natives ascribed a 
peculiar action to the coca leaves, that the chewing of them banished '■'.comfortable 
feelings and even pangs of thirst and hunger. The aborigines believed that if they 
had enough of the leaves to eat they might perform all manner of feats and heavy work 

W 'Although "wohler in 1860 had observed the local action of cocaine it was not used 
until Roller, an eye specialist, in 1880, reported favorable clinical results from its use. 

The structure of ecgonine can be shown to be a carboxylic acid deriva¬ 
tive of tropanol, and the carboxyl group has been located by various 
procedures, e.g., by Willstatter’s synthesis from tropanone. 
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Cocaine, on hydrolysis, yields ecgonine, methanol, and benzoic acid. 
It can be shown that these component fragments are linked in the 
manner indicated: 

CH*—CH-CH—COOMe 

I I 

NMe CH—O—CO—C 6 H 6 

I I 

CH*—CH-CH* 

Cocaine 


Cocaine may be synthesized by the benzoylation of the alcoholic hy¬ 
droxyl group and methylation of the carboxyl group in ecgonine. Most 
of the cocaine used for drug purposes is obtained synthetically in this 
manner, the ecgonine being provided from the other naturally occurring 
cocaine bases. Cocaine, crystallized from alcohol, forms monoclinic 
prisms which melt at 98°. Its specific rotation is [a]i? = —15.8°. It 
forms well-defined salts, of which the hydrochloride is most widely used. 

Cocaine, U.S.P., is a white, crystalline powder, m.p. 96-98°, soluble 
about 1 : 600 in water, about 1 : 100 in mineral oil, and about 1 : 12 in 
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olive oil. It is used in oil solutions and ointments for the same purposes 
as cocaine hydrochloride. Cocaine Hydrochloride, U.S.P., consists of 
colorless crystals, soluble about 1:0.5 in water. It is usually employed 
in aqueous solutions in concentrations of 0.1 to 4 per cent for surface 
anesthesia in ophthalmology to 10 or 20 per cent for nose and throat 
work. Epinephrine is commonly added to the solutions to decrease the 
rate of absorption of the cocaine. Disadvantages of cocaine are that 
it is strongly narcotic and may lead to drug addiction and that the ester 
linkages are hydrolyzed when solutions are boiled for sterilization. Con¬ 
sequently, cocaine has been displaced to a considerable extent by other 
local anesthetics. 

Related to cocaine are cinnamyl cocaine and the truxillines. These, 
on hydrolysis, form ecgonine, methanol, and cinnamic or truxillic acid. 
Truxillic acids are naturally occurring derivatives of cyclobutane which 
may be looked upon as dimerized cinnamic acid, thus: 
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The structures for these alkaloids are: 
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C,H„N 


^COOCH, 

\)CO—CH—CHC 6 H 6 

I I 

C«H S CH—CHCOOCjHuNCOOCHj 


<r-Truxilline 


C6H 6 CH=CHCOOC 8 H 13 NCOOCH 8 

Cinnamyl cocaine 
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- fKSS* '"is x —™r- 

mainly of cinnamyl cocaine. However, this .s not objectionable since all these bases 
supply the essential ecgonine, which may be converted into cocaine American 

Although the custom of chewing coca leaves originated with the South. Ame 
Indians, cocaine habituation as a white man’s affliction started in Euro[«. It* 
estimated that the illegitimate production of cocaine in the world amounts to 15,000 
to 20,000 kg. annually. 


Tropacocaine may be isolated from both the Javanese and Peruvian 
coca leaves. It may be hydrolyzed to benzoic acid and pseudo-tropanol. 
Hence, it is not a true member of the cocaine senes. Tropacocaine is 
used in lumbar anesthesia and is said to be more potent than cocaine; 
however, it has the disadvantage that it produces hyperemia. 

Molecular models show that two isomeric tropanols may exist. 



Pseudo-tropanol. hydroxyl 
group ei$ to nitrogen bridge 


Tropanol. hydroxyl i?roup 
Iran* to nitrogen bridge 


One of them represents the hydrolytic product of atropine, or tropanol; 
the other of tropacocaine, or pseudo-tropanol. Assuming that in the 
cis structure both the amino and hydroxyl groups will be more hindered, 
Smith 1 compared pH values and esterification rates for each isomer. He 
found that pseudo-tropanol is less alkaline and less extensively esterfied. 
Hence, the cis configuration is assigned to pseudo-tropanol and the 
trans to tropanol. 

The relationship between the chemical structure and physiological 
activity of the tropane alkaloids presents many interesting problems. 
Cocaine, although predominantly anesthetic, behaves also as a mydriatic. 
Tropacocaine shows no mydriatic activity and does not lead to drug 
addiction. Ecgonine or the ecgonine alkyl esters possess no anesthetic 
activity; ecgonine has no anesthetic activity upon benzoylating the 
hydroxyl group. If the carboxyl group is esterified and the hydroxyl 
group is benzoylated, ecgonine becomes highly active. Acylation of the 

1 Smith, Thesis University of Maryland, 1947. 
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hydroxyl group of methylecgonine with a fatty acid radical produces 
no activity, and of the aromatic acids, benzoic is the most effective 
(see page 346). 

Meteloidine is an alkaloid found in Datura meteloides. On hydrolysis 
it yields tiglic acid and 3,6,7-trihydroxytropane, commonly known as 
teloidine.* Hence, it is an ester of teloidine with tiglic acid, presumably 
the ester being attached at position 3. 

HO—CH—CH-CH* 

I I 

NMe CHO—CO—C=CH—CHj 

I I I 

HO—CH—CH-CH* CH 3 

Meteloidine 

Closely related to the tropane alkaloids is pseudo-pelletierine, page 
545. 

Willstatter suggested that tropanone is probably the first intermediate 
in the biological synthesis of the tropane alkaloids. The probable 
starting materials for the plant are indicated in Robinson’s elegant 
synthesis from acetone, methylamine, and succindialdehyde. This 
synthesis, however simple it may appear, requires strongly alkaline 
conditions, quite beyond the biological pH range. Accordingly Schopf 1 
suggested that in this synthesis the acetone may be replaced by acetone 
dicarboxylic acid, and that the ring system, once formed, could easily be 
decarboxylated. In order to test this hypothesis he set up experimental 
conditions in which the succindialdehyde was M/45, methylamine was 
M/25, and acetonedicarboxylic acid M/20; these reagents were allowed 
to stand together for 3 days at 25° at varying pH ranges, with yields of 
tropanone for the various ranges as indicated below: 


pH 

3 . . . 

. . . 47 per cent tropanone 

pH 

5 . . . 

... 54 

pH 

7 . . . 

... 65 

pH 

9 . . • 

... 66 

pH 

11 . . . 

... 86 

pH 

13 . . . 

... 3 


Thus it is seen that the reaction 


CH r CH;q:: 

H 

+ 

JH^CH-tCOOjH 

p_A ___ 

CH- 

-CH- 

N-CH, 

-CH- 

-CH, 

c=o 

+ 

- _,rr - 

ri'pn_.rnrvn 

OH.- 

-CH, 

CH-CH‘0_ 

8uccindialdo- 

hyde 

.S~ - - 

Methyl¬ 

amine 

Hj | yuo, xi 

Acetone- 
di car boxy li 0 

acid 


Tropanone 



1 Ann., 518, 1 (1935). 
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can take place under pH conditions that do actually exist m the plant 
Biohydrogenation of the ketone would then produce tropanol. XI, lor 
example, in this biosynthesis, only one carboxyl group » 
and the ketone is reduced, the formation of ecgonme wiH readily be 
understood. In nature succindialdehyde arises by ox>dat.ve deamina¬ 
tion of putrescine. 1 If succindialdehyde, a primary amine and ace- 
tonedicarboxylic acid are allowed to react spontaneously, the N-hom- 

does of tropanone may be obtained. 2 . , 

When the succindialdehyde in the experiments mentioned was re¬ 
placed by an equimolar concentration of glutardialdehyde, the product 
was pseudo-pelletierine, with maximum yields observed at the pH range 
5 to 7. In a similar manner the precursor of teloidine may be considered 
to be the dialdehyde corresponding to tartaric acid: 

HO - CH- CH|0 H r'I I ” 11 Hr CB-i H HO-CH CH CH, 

+ N-CH, + C-0 -* | N~ Me <r° 

H0-CH-CH'6~ "H ” H!CH-{COO;H HO-CH-CH CH, 

Aldcbydo of tJadc Kctooc com»pond.n, to tc.old.nc 


Also belonging to the diheterocyclic alkaloids in which a single nitro¬ 
gen atom is common to the two cycles are the members of the lupinan 
group; these are found in the Papilionaceae. Since lupine seeds are 
used extensively for animal feed, considerable attention has been given 
to the removal of the more toxic alkaloids or to “ debittering.” The 
parent structure of the lupinan bases is that of two piperidine cycles 
with the N atom common. 

Lupinine, one of the simpler natural derivatives, has the structure 
indicated: 


CH, 

I 

CH, CH 


/ 

\ / 

\ 

H,C 

i 

CH 

i 

CH, 

| 

1 

H,C 

1 

N 

CH, 


\ / \ / 

CH, CH, 


0-Lupinan 


CHaOH 

I 

CH, CH 

/ \ / \ 

HjC CH CH, 

I I I 

HaC N CH, 

\ / \ / 

CH, CH, 

Lupinine 


1 Cromwell, Biochem. J., 37, 722 (1944). 

* Keagle and Hartung, J. Am. Chem. Soc., 68, 1608 (1946). 
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Other members of this series of natural alkaloids have the structures: 


CH 


/ 


H—C 

II 


C-CH—CH* 


CH 

H—C C-CH—CH* 

II I I I 

H—C N CH a NH 

\ /I II 

CO CHa— CH—CH, 


Cytisine 

CH, 

/ \ 

HaC CH—CH—CHa 

I I I I 

H,C N CH, N-CHa 

\ /I I I I 

COCH,—CH—CH CH, 

I I 

CH,—CH, 

Lupanino 


H—C N CH, N-CH, 

\ /I II I 

CO CH*—CH—CH CH, 

I I 

CHa-CH, 

Anagyrine 

CH, 

/ \ 

H,C CH—CH—CH, 

I I I I 

H,C N CH, N-CH, 

\ /I III 

CH,CHt-CH—CH CH, 

I I 

CH,—CH, 

Sparteine 


Sparteine Sulfate, N.F., is a salt derived from the alkaloid which 
occurs in Scoparius (Broom top). It is a hygroscopic crystalline com¬ 
pound that has been used to a limited extent to decrease the pulse rate 
in cardiac disturbances. Its effects are uncertain, and its value is ques¬ 
tionable. 
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CHAPTER XIV 


HETEROCYCLES CONTAINING TWO OR MORE 

HETEROATOMS 

The five-membered heterocycle composed of two nitrogen and three 
carbon atoms may exist in two isomeric forms, known as pyrazole and 
imidazole, respectively. 

CH-CH N-CH 

ii ii ii i 

CH N CH CH 

\ / \ / 

NH NH 

Pyrasole ImicUsolo 

Pyrazole compounds are synthesized from hydrazine and 1,3-dicar¬ 
bonyl derivatives: 


CH-C-R 

r'-c fo\ 

V... \H 2 N 
:oh; ' 


h-c—c-r 

R '_C x N 
NH 


i s Hf-NH 


No member of the pyrazole series is known to be formed in nature. 


PYRAZOLE DERIVATIVES 

The only effective agent for the reduction of temperature in fevers for 
many years was quinine. After Pelletier and Caventou had isolated 
quinine in 1820, it was many years before the constitution of this alka¬ 
loid was determined. It was known quite early, however, that quinine 
yielded quinoline upon decomposition. Since quinoline was found to 
have antipyretic activity, although too toxic for use in therapy, efforts 
were made to prepare nontoxic compounds to replace the then expensive 
quinine. The formula attributed to quinine at that time was incorrect. 
Nevertheless, several compounds having antipyretic activity but lacking 

597 
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the antimalarial action of quinine were prepared, namely: 



CH* 



CA 


CHi 



All of these compounds were prepared with the thought that quinine 
was a derivative of 6-methoxy-quinoline. All of them were more or less 
active antipyretics but too toxic for use. 

Ludwig Knorr in 1887, seeking to make a tetrahydroquinoline deriva¬ 
tive from phenylhydrazine and acetoacetic ester, prepared a compound 
which he at first believed was similar to quinine in structure. 1 Later 
Knorr showed that the compound which he had made was a pyrazole 
derivative. 2 The product which Knorr obtained was almost completely 
insoluble in water and seemed worthless for use in therapy. Upon 
methylation, he obtained a compound readily soluble in water (an 
unusual effect on solubility). This soluble product which was found 
to be strongly antipyretic and analgesic was introduced into therapy 
under the name antipyrine. 

Antipyrine, N.F. (Phenazone, Phenyldimethylpyrazolone, Analgesin), 
may be prepared in several ways: 

1. By condensing phenylhydrazine with acetoacetic ester and methylating the 
product: 


CT «" c l9r~""±"?ji N_NH ”' c * H » 


i O 
I II 

CHj-C-O-CjH, 

Acetoacetic eater + 
Pbcnylhydrazlne 


CH S — C=N 


:n-c.h. 


CH,—C=0 

Ptacnyl-mcthyl- 

pyrazolonc 


Cold 


-H.O 


OH,I 


CHrC-N-N^C.H, 




Hot 


!-C,H»OH 


CH,-CtO-CjH 6 ! 


Acetoacetic cater 
Pbcnylhydrazone 

CH, 

CH,—C—N' 

II /N"”C 6 H s 
CH-C=0 

Phenyl-dlmethyl-pyrarolono, 

outlpyrlne 


1 Ber., 16, 2597 (1883); 17, 2037 (1884). 
» Ann., 238, 137, 160, 203 (1887). 
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2. By condensing methylphenylhydrazine with / 3 -halogen-crotonic-ethyl 
ester: 


CH« 

__.^N-NH-C.H, 

CH.-C-fX + Hf 


ch-cooc.h. 


CH, 

CH—C-N 

+ HX 

H °- C -° O.H.OH 


3. By condensing methylphenylhydrazine with the enol form of acetoacetic 
ester: 


CHi CH, 

™.-C-®H'™+"fir N_NH_C#H * CH ,-C—N 

-* II >C.H.+ H,0 

CH - C "° CH.OH 


CH—C—OC,H, 


Antipyrine is a white, odorless crystalline solid, m.p. 111-113°, having 
a somewhat bitter taste. It is slightly hygroscopic, and 1 g. dissolves in 
less than 1 cc. of water. It is also very soluble in alcohol or chloroform. 

Antipyrine is very extensively used. Although originally introduced 
as an antipyretic it is more extensively used as an analgesic. It is em¬ 
ployed to reduce temperatures in fevers and to allay pain in headache, 
gout, neuralgia, rheumatism, and other conditions. It is a constit¬ 
uent of many of the products sold to the public for the relief of pain. 

Many compounds related to antipyrine have been prepared by sub- 
etituting different radicals for R, R', R", R"', and in the pyrazole ring. 


R' R 

I I 

C—N 

None of these compounds, except those considered later, has proved 
of value. 

Aminopyrine, U.S.P., N.N.R. (Pyramidon, Amidopyrine, 4-Dimethyl- 
aminoantipyrine), was first prepared by Stoltz in 1893. It is prepared 
by converting antipyrine into the nitroso derivative by treating it with 
sodium nitrite in acid solution, reducing the nitroso compound to the 
amine with zinc dust and acetic acid, purification of the amine as the 
benzylidene derivative, hydrolysis of the benzylidene compound with 






600 HETEROCYCLES CONTAINING TWO OR MORE HETEROATOMS 


hydrochloric acid, and methylation of the amino group with methyl 
iodide, dimethyl sulfate, or by other means: 


CHr-C—N—CH, 

\ 

N—CeHft 

/ 

HC—0=0 

Antipyrine 


NaNO i 

HC1 


CHa—C—N—CHa 

\ 

N—CeHi 

/ 

Q=NC—C=0 


4-Nitro*o»ntipyrine 



CHa—C—N—CH« 

\ 

N-C*H* 

/ 

H 2 N— c-c=o 

4-Aminoantipyrine 


+C«HiCHO 


CHa-C—N—CHa 

\ 

N-C.Hi 

/ 

CeH$CH=N—C—C==0 


4-Ben»ylidenaminoantipyrin« 



CHj—C—N—CHj 

\ 

N-C.H, 

/ 

HjN—C—C=0 

4-Aminoantipyrine 


+CH.I 


CHa—C—N—CHa 

I \ 

N—C«H| 

1 / 

(CHa)tN—C—C=0 

Aminopyrino 


The direct methylation of aminoantipyrine is difficult and gives poor 
yields. Consequently, other methods of alkylating the amino group 
are employed: 


1. Treating aminoantipyrine with halogen acid in alkali solution and heating 
the product above its melting point when two molecules of carbon dioxide are 
eliminated, e.g. D.R.P. 144, 493. 


CH 3 —C—N—CHa 

\ 

N-CeHs 

/ 

H S N—C—0=0 


+2C1CH.-COOH 


CHa—C—N—CHa 

\ 

N—CeH 6 

/ 

(HOOC-CH,)iN—0-0=0 


CHa—C—N—CHa 

\ 

N-OH* 

/ 

(CHalaN—C—0=0 



2. Decomposing 4-bromoantipyrine with a secondary amine (D.R.P. 146,603): 


11 11 

Br-C— + HN (CHj), —► (CH,),N—C— 

4-Bromoantipyrino Aminopyrin® 
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3. Direct methylation of nitrosoantipyrine in a single operation (D.R.P. 
193,632): 


0 =N—C-h 2 NaHSOs 

Nitrosoantipyrine 


I II 

NaSOj—N—C— + SOi(OCH,) 2 

Sulfaminoantipyrine 

II 

(CH,) 2 N-C- 

Aminopyrine 


4. The diazotization of amino-antipyrine with nitrosodimethylamine and loss 
of nitrogen by the diazo derivative (D.R.P. 203,753): 


HjN—C— + 0=N—N 


Aminoantipyrine 




-N« 



Diaso compound 


Aminopyrine is a white, crystalline solid, m.p. 107-109°, soluble in 
water 1 : 18 and readily soluble in alcohol, benzene, and chloroform. 

Aminopyrine is an effective antipyretic and anodyne. Its action is 
similar to that of antipyrine, but it is slower in action, the effects last 
longer, and smaller doses are required. The drug has been reported to 
produce serious and sometimes fatal agranulocytopenia, especially in 
susceptible individuals. It should be used with caution. 

Numerous compounds related to aminopyrine have been derived by 
substituting different groups for the aryl, R, R', R", R'", and R"" in 
the formula: 

R'-C-N-R 

| ^N-Aryl 

J)NC—C—R"" 

R m/ 


Isopropylantipyrine, isosteric with aminopyrine, also shows anti¬ 
pyretic activity. The higher homolog, isobutylantipyrine, possesses 
about equal antipyretic activity but, as measured on tadpoles, has 
greater narcotic activity. 1 

Tolypyrine (j>-Tolyldimethyl Pyrazolone, Tolylantipyrine) is a 
stronger analgesic and antipyretic than antipyrine, but it is also more 
toxic. 

1 Orestano, Arch. Hal. sci. farmacol., 8, 353 (1939); C.A., 39, 1926 (1945). 
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CHj—C—N—CHj 



HC—C=0 


Melubrin (Sodium Antipyrine Aminomethanesulfonate) is prepared 
by warming aminoantipyrine with a solution of formaldehyde and 
sodium bisulfite: 


CH 3 < 


-NCH 3 

\ 


/ 

H 2 NC—c=o 


NCcH 5 + HCHO + NaHS0 3 


CH 3 C—NCH 3 

II \ 


Aminoantipyrine 


II / 

NaOjSCHjHNC—C=0 

Melubrin 


NCeH* 


It is a white, crystalline powder, sinters with decomposition at 231-233°, 
soluble in water 1 : 1 to form unstable solutions, and insoluble in organic 
solvents, except alcohol. 

It is claimed that melubrin is a powerful antipyretic, that it is anal¬ 
gesic, and that it is nontoxic in ordinary or even large doses. It is em¬ 
ployed as an analgesic in painful affections, such as neuralgias, as an 
antipyretic in febrile conditions, and is reported to be of value in acute 
rheumatism. 

Salipyrine (Antipyrine Salicylate) is a simple salt formed with equi¬ 
molar quantities of the weakly basic antipyrine and salicylic acid: 



This salt is a white, crystalline solid, m.p. 91-92°, soluble in water 
1 : 200, and readily soluble in alcohol. 

Salipyrine combines the antipyretic and analgesic activity of anti¬ 
pyrine with the antirheumatic action of salicylic acid. It has been used 
in the treatment of sciatica, rheumatic fever, pleurisy, influenza, and 

related affections. . . , « , , 

Acetopyrine (Antipyrine Salicylacetate, Antipyrine Acetylsalicylate, 

Acopyrine) is a weak chemical combination between equimolar quanti¬ 
ties of antipyrine and acetylsalicylic acid; it probably offers no advan¬ 
tage over a mixture of the two compounds. 


I MIDAZOLE DERIVATIVE S 

Imidazole may be synthesized from glyoxal, ammonia, and formal¬ 
dehyde, and for this reason, it is also called glyoxaline. 
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hc4'o" "bSnTh 


HC=0_H ? !NjH 


H-C 


■N 


+ o=4ch 2 ~ 8H0H - 


/ 


CH 2 


H—c-"N 

.1 

H-C-iNH 

jCH 

II 4 3 A' 

H-C*-N / 

Imidazole 

The tautomerism, which this heterocycle is capable of undergoing, 
may be seen from the fact that the 4-methyl- and 5 -methylimidazole 

are identical: 

CH«—C-N CHi—C-N—H 

II II 11 • 

H-C C—H^±: H-C C-H 

\ / N/ 

NH N 

4-Methylimidnzole fc-Methylimidaiole 

Imidazole derivatives of interest include: 




Hi—CH—COOH 
I 

NHi 


Histidine 


CH,—CH—COO“ 
N(CH,), + 


H—C -~ C—CHiCH—COO “ 

I I I 

H—N N N(CH,),+ 

\ X 

C 

H 

Hercynine 

H—C -C—CHi—CH* 

I -I I 

H—N N NHi 

\ / 

CH 

* Histamine 


Histidine, one of the “ essential ” amino acids, is an important imid¬ 
azole derivative. Its structure, by both synthetic and degradation reac¬ 
tions, may be shown to be /3-(4-imidazolyl)-alanine. Histidine, dis¬ 
covered first by Kossel (1896), is present in all genuine proteins. Blood 
protein is especially rich in it, containing up to 10 per cent. Plant 
proteins contain 2 to 3 per cent histidine. The natural form melts at 
287° to 288°, and its specific rotation is —39.7°. It is thought to be 
necessary for the maintenance of the gastric mucosa in a normal 
condition. 

Histidine Hydrochloride is a white, crystalline compound, readily 
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soluble in water. It is used in the therapy of peptic ulcers, etc., to give 
relief from distress. It is usually injected intramuscularly in the form 
of a sterile solution. 

Hercynine, a betaine of histidine, has been isolated from various molds. 

Ergothionine, which is closely related to histidine, is present in ergot 
to the extent of 0.1 per cent. Its structure is that of a thiol derivative 
of histidine betaine. 

Histamine is the decarboxylation product of histidine. It was first 
known from synthetic sources 1 and later was found in ergot. The struc¬ 
tural relationship between this compound and the pressor amines is 
of interest. The cycle here is separated from the amino group by a 
chain of two carbon atoms. The physiological effect, however, is quite 
different; histamine produces a lowering of blood pressure by capillary 
dilatation. In a manner analogous to the phenylethylamine series, 
if the imidazolyl group and the amino group are separated by three 
carbon atoms, the depressor activity is appreciably diminished. 

Histamine Phosphate, U.S.P. (the acid phosphate of 0-imidazolyl- 
ethylamine), consists of colorless crystals, stable in air, soluble in water 
about 1 :4, m.p. about 130°. It possesses a wide variety of actions, such 
as dilation of capillaries and arterioles causing a sharp lowering of blood 
pressure, constriction of bronchioles, stimulation of the glands of ex¬ 
ternal secretion, especially the gastric glands, and stimulation of the 
uterus at term. The complexity of its activities decreases its usefulness. 
It is used chiefly as a diagnostic agent to determine the capacity of the 
stomach to secrete hydrochloric acid, e.g., in pernicious anemia. It is 
usually administered in solution by subcutaneous or intramuscular 
injection. Evidence indicates that histamine may be the causative 
agent in certain cold allergies. Successful treatment of allergy due to 
cold has been reported by desensitization with histamine. It is of 
interest that the enzyme, histaminase, has been used for similar purposes. 

The necessary structural requirements for histaminelike activity are 
postulated as 

—CH—(a)—N—(6)—C—CHj—CHiNHj 

I 

(fi )—CH 

where (a) = 1.36 ± 0.01 A, (6) = 1.38 ± 0.02 A, and (c) = 1.40 ± 
0.01 A, and when chelation between the nitrogen atoms occurs in the 
cation. 2 


1 Windaus and Vogt, Ber., 40, 3691 (1907). 

* Niemann and Hays, J. Am. Chcm. Soc., 64, 2288 (1942). 
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Imidazolines 

2-Alky limidazolines (2-Alkyl-4,5-dihydroimidazoles) are conveniently 
prepared by heating the diamide of ethylenediamine: 1 


CHaNHCOR 

ch 2 — 

—N 

270* 

yC—R + RCOOH 

CHaNHCOR 

ch 2 - 

—NH 


Many compounds of this type are of considerable pharmacological 
interest. 2 2-Methylimidazoline, as reported by Ladenburg in 1895, 
cured a patient of chronic gout; perhaps this may be associated with the 
observation that this compound is the only one of a homologous series 

to increase the acidity of the urine. . . , 

2 -Benzylimidazoline (Priscol, Vasodil, Vasimid, Kasimid) has been 
used as a vasodilator in the treatment of various circulatory diseases. 
It is histaminic in nature, sympatholytic, and in general produces 
vasodilatation and increased venous return. 3 Introduction of a 
methoxyl group in the para position of 2 -benzylimidazole modifies the 
physiological properties very little; a free phenolic hydroxyl group in 
the same position, on the other hand, converts the compound into a 
potent pressor. 2 


H,C-CHa 

I I 

HN N 

\ X 

C 


CHa 



Bomylimidasoline, 

priscol 


H,C-CH, 

I I 

HN N 

\ X 

C 

I 

CHa 



OH 


p-Hydrorybensyl- 

imidazoline 


H,C-CH, 



2-(l-Naphthylmethyl)- 

imidasoline, 

privino 


Privine [Naphazoline, 2-(l-Naphthylmethyl)imidazoline] is a potent 
vasoconstrictor, similar to ephedrine in its pharmacodynamic properties 4 

1 Chitwood and Reid, J. Am. Chem. Soc., 57, 2424 (1935). 

* Scholz, Ind. Eng. Chem., 37, 120 (1945). 

* Ahlquist, Huggins, and Woodbury, J . Pharmacol., 89, 271 (1947). 

4 Yonkman, Rennick, and Schwerma, J. Pharmacol ., 84, 197 (1945). 
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and less active than epinephrine . 1 Prolonged use in nasal decongestion, 
beyond the period of immediate need, may aggravate the congestion 
and develop dependence . 5 Its use may also be attended by drowsiness . 5 

Jaborandi Alkaloids 

Alkaloids belonging to the imidazole series occur in certain plants of 
the family Rutaceae. The most important of these is pilocarpine found 
in the leaves of Pilocarpus Jaborandi Holmes and Pilocarpus microphyl- 
lus Stapf. Although its structure has not been completely confirmed 
its probable constitution is: 

H*C*—CH-CH-CH*—C-N-CHj 

II II I 

OC CH* HC CH 

\ / \ ✓ 

O N 

Pilocarpine 

Pilocarpine, in addition to the imidazole heterocycle, has a 7 -lactone 
structure. 

Pilocarpine Nitrate, U.S.P., is a crystalline salt, m.p. 170-173°, 
soluble in water 1 : 4. Pilocarpine base is a viscid oil. It is a parasym¬ 
pathetic stimulant. It stimulates involuntary smooth muscle and the 
sweat and salivary glands. Applied to the eye, it causes miosis which 
may last from 8 to 24 hr. It is employed to cause myosis in solutions of 
0.5 to 3 per cent, usually to overcome the mydriasis caused by atropine. 
It may also be applied in gelatin discs or in the form of an ointment. 
It has also been used as a diaphoretic and to stimulate salivation. Minor 
uses include its employment as an expectorant to stimulate the bron¬ 
chial glands. Its use in hair restorers as a stimulant of the sebaceous 
glands is not considered sound. 

Atropine counteracts all the autonomic responses caused by pilo¬ 
carpine. Pilocarpine Hydrochloride , N.F., has properties and uses 
similar to those of the nitrate, but it is incompatible with silver nitrate. 

Biotin (Vitamin H, Vitamin B Wf Coenzyme R) is widely distributed 
in the plant and animal kingdoms. It is chemically bound and can be 
isolated only after autolysis, digestion, or hydrolysis of the tissues. 
It is chemically quite stable and is an ampholyte with acidic properties. 
It is essential for the growth of bacterial strains such as Clostridium , 
Rhizobium, Staphylococcus, and certain yeasts. It is a growth hormone 

1 Cravor, Proc. Soc. Exptl. Biol. Med., 58, 128 (1945). 

* Herwick, J. Am. Med. Assn., 130, 702 (1946). 

* Waring, J. Am. Med. Assn., 129, 129 (1945). 
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for higher plants. In rats it aids in alleviating “ spectacle eye.” In 
humans it seems to relieve skin lesions involving the sebaceous glands. 
The structure proposed for biotin,' is established by the synthesis. 


CH,—CH—NH—COC*H* 


/ 


S 


\ 


CHr-CO 


CH*—CH—NH—COC«H» 




+ OCH(CH,)«COOCH,— 


\ 


:0 


CH (CHj)«COOCHi 


CH ,—CH—NH—COC*H» 


through oxime g 


/ 


reducUon. •cetyUtion. \ | Ba( Q 

3 etepa CH—CH-NH-COCH, 


HOH 


(CHOiCOOCH, 


CH*—CH—NH* 


CHr—CH—NH 


/ 


S 






s 


CH—CH—NH, 

I 

(CH,) 4 COOH 


CO a, 

(alkali) 




\ 


CO 


CH —CH—NH 

I 

(CH,) 4 COOH 

Biotin 


/ 


This synthesis yields three of the four theoretically possible racemic 
forms: biotin, m.p. 232°; allobiotin, m.p. 194-196°; epi'-allobiotin, 
m.p. 195°. Biotin exists in the cis configuration 3 and is the only 
biologically active isomer. One mg. of the methyl ester is equivalent 
to 27,000 vitamin H units. 4 

DL-Desthiobiotin is half as active as natural biotin in promoting the 
growth of S. cerevisiae . 6 

DL-Oxybiotin possesses about rr the activity of biotin; it has been 
used to prevent the symptoms of biotin deficiency in chicks. 6 

1 du Vigneaud, Hofmann, and Melville, J. Am. Chem. Soc. t 64, 188 (1942). 

* Harris, el al., J. Am. Chem. Soc., 67, 2096 (1945). 

* Harris, et al., J. Am. Chem. Soc., 67, 2102 (1945). 

4 du Vigneaud, Science, 96, 455 (1942). 

6 Rubin, Drekter, and Moyer, Proc. Soc. Exptl. Biol. Med., 58, 352 (1945); C.A., 
39, 3339 (1945). 

6 McCoy, Felton, and Hof m a nn , Arch. Biochem., 9, 141 (1946). 
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OC 


\ 


NH—CH—CH, 


NH—CH—CH, 




OC 


NH—CH—CH, 


\ 


\ 


O 


NH—CH—CH, 




I 

CH,—CH,—CH,—CH,—COOH 

Deethiobiotin 

NH—CH—CH, 


CH,CH,CH,CH,COOH 

Oxybiotin 


OC 


/ 

I 

\ 


\ 

l 

/ 


s 


NH—CH—CH, 

I 

CH-CHr-CH, 

I 

COOH 

<r-Biotin 

a-Biotin was isolated from egg yolk; it is about half as active as 
/3-biotin. 

Hydantoins 

Hydantoin may be looked upon as a condensation product of urea 
and glycolic acid. The unsubstituted compound has been isolated from 
molasses. Hydantoins are formed according to the equation: 

R' 


R—CO—R # + KCN + (NH 4 )»COt —► R—C- 


■CO (R # may be H) 


NH—CO-NH 

This reaction is used in characterizing carbonyl compounds. 1 Hydantoin 
derivatives of importance include: 

C.H, C»H» CJI, 


C,H,—C- 

I 


-CO 



HN—CO—NH 


Nirvanol 


N=C—NH 
1 

ONa 

Diphen>ibydanloin sodium 


C,H,—C-C=0 

1 I 

CH,—N—CO—NH 


Phenantoin 


The alkylhydantoins show low activity. At least one phenyl group 
must be present to confer adequate therapeutic activity. 2 
Nirvanol ( 5 -Ethyl- 5 -phenylhydantoin) was introduced into medicine 

1 Henze and Speer, J. Am. Chem. Soc., 64, 522 (1942). _ Qo _ 

1 Novelli, Anales asoc . quim. argenlina, 30, 225 (1942); C.A., 37, 2820 (1943). 
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as an hypnotic with properties resembling those <***?“*““ “ 

was used for a time in the treatment of chorea in children. Toxic re¬ 
actions caused by the drug have resulted in its replacement by more 

eff D < ipheny e ihydantoin Sodium, U.S.P..N.N.R. (DilantinSodium, Sodium- 
5 , 5 -diphenylhydantoinate), was found to be the least hypnotic and 
most strongly anticonvulsant of the compounds in a senes of similar 
structure. 1 It is a white, crystalline powder, readily soluble in water to 
form alkaline solution. It is used in the treatment of epilepsy for which 
it has proved effective in a large percentage of cases. It is usually 
administered in the form of sealed gelatin capsules. 

Phenantoin (Mesantoin, 3-Methyl-5-ethyl-5-phenylhydantom) is re¬ 
ported to be superior to diphenylhydantoin sodium m the treatment of 
epilepsy, particularly in combating grand mal seizures. It is also said 


to be less toxic.* , . 

Allantoin (Glyoxyldiureide) is related to hydantoin. Interest in this 
compound was stimulated by the discovery that allantoin was released 
and presumably was the effective agent in the maggot therapy of ulcers, 
etc. It may be synthesized from ethyl glyoxalate and urea at 100 . 
It is possible that allantoin exists in dynamic equilibrium in the three 
forms indicated: 


nh 2 

OC-J-OEt 

HfNH 

I pA 

h 2 n oc 

: —nh 

1 

CH 
. .1 

1 

_j rn 

?° 

CO + 

1 _ 

-t- CO 

* uu 

i 

HN-*H 

0 


H-N - C 

1 

;h —nh 

r 



9 H ^ 

^ C 

1 

)H 


HN— 

-c - NH 

h 2 n 

: —nh 


oi 

1 

oi 

CO 


1 

HN— 

Y 

-CH—NH 

hA — ( 

: — Ah 


Allantoin is a white, crystalline powder, stable in air, slightly soluble in 
cold water, and readily soluble in hot water. It is used to stimulate 
cell proliferation and tissue growth in indolent ulcers and wounds and 
in the healing of septic infections. It may be applied as a wet dressing 
in solution, or in the form of an ointment, e.g., allantoin urea compound 
ointment. It is also used internally to treat gastric or duodenal ulcers 

1 Merritt and Putnam, Arch. Neurol. Psychiat., 39, 1003-1015 (1938). 

* Chem. Eng. News, 25, 1888 (1947). 
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in the form of a colloidal solution or suspension. Solutions should be 
freshly prepared. 

Creatinine is another physiologically important imidazole derivative, 
which is probably formed from creatine during metabolism somewhat 
in the following manner: 

HN—H OH HN—CO 

I 

I CO _ H qh 

HN=C I —>■ HN=C 

I I I 

CHj—N-CH, CHr—N—CH, 

Creatine Creatinine 

It is a white, crystalline powder, slightly soluble in cold water and 
readily soluble in hot water. It is used to stimulate cell 'proliferation 
and tissue growth and induce granulation of indolent ulcers. It is 
employed as a wet dressing or pack in about 0.4 per cent solutions and in 
compound ointments or jellies with urea and other agents. 


DIAZINES 

Six-membered cycles of four carbon and two nitrogen atoms are known 
as diazines. Three isomeric diazines are possible and all are known, viz: 


CH 

/ s 

H—C C—H 

II I 

H-C N 

\ ✓ 

N 

Pyridarine, 

1 , 2 -diaiine 


CH 

/ \ 

H—C N 

II I 

H—C C—H 

\ / 

N 

Pyrimidine, 

1,3-dinxine 


N 

/\ 

H-C C-H 

II I 

H—C C—H 

\ ✓ 

N 

Pyrarine, 

1,4-diaxino 


Of these the pyrimidines are of special interest to the pharmaceutical 
chemist. Derivatives of this group include the following compounds 
which are present in biological products, taking part in the structure 
of the nucleic acids. 


CO 

/ \ 

CHr-C N—H 

II I 

H—C CO 

\ / 

NH 

Thymine, 

5-methyl-2,4- 

pyrimidinodione 


CO 

/ \ 

H—C N—H 

II I 

H—C CO 

\ / 

NH 

Uracil, 

2 .4-pyri mi¬ 
din eaione 


NH a 

i 

NH 2 

1 

1 

C 

1 

C 

/ X 

/ X 

H-C N 

CH®—C N 

II 1 

II 1 

H—C CO 

H-C CO 

\ / 

\ / 

NH 

NH 

Cytoeine, 

4-amino-2- 

Methylcytoeine, 
4-amino-5-methyl- 

pyrimidone 

2 -pyrimidone 
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The sulfanilyl derivatives of some of these heterocyclic compounds 
are very important drugs (see page 461). 


PYRIMIDINES 


The most numerous and perhaps the best-known derivatives of the 
pyrimidines are the compounds commonly known as barbituric acids. 
The parent compound may be synthesized from malonic acid, prefer¬ 
ably the diethyl ester of malonic acid, and urea. 


CO—OEt 

I 

CH, 

I 

CO—OEt 


NH 



The barbituric acids may exist in tautomeric form: 


CO—NH 



CO-NH 


CO—NH 



CO-N 


CO—NH 

Rv I I 

yc C-ONa 

R /X I II 
CO-N 


as indicated, of which the latter form is capable of forming stable salts. 
Although barbituric acid has the atomic arrangement of nitrogen and 
carbon atoms as it appears in the pyrimidines, it may also be looked 
upon as a ureide (see page 404). Derivatives in which the two hydrogen 
atoms at the 5 position are replaced by alkyl groups of varying com¬ 
plexity are hypnotic, sedative, and even anesthetic in their action. 

All barbituric acids, except phenobarbital (see page 265), are prepared 
by a similar general procedure, namely, by the condensation of the 
appropriately substituted malonic esters with urea, or with thiourea 
for the thiobarbituric acid derivatives (see page 613). It is usually 
more of a problem to prepare the intermediate ester than it is to con¬ 
dense it with urea. 

The rapidity of onset and duration of action of the barbiturates 
depend in part on the structure and in part on the dosage, manner of 
administration, etc. The classification given in Table 59 is an approxi¬ 


mation. 

N-Methyl-phenylethylbarbituric acid (Mebaral) belongs to the group 
of barbiturates with moderate onset and duration of action. 


CO—N—CH3 
CHj-CHk I | 

)C CO 
CaH/| | 

CO—NH 



TABLE 59 


R' CO—NH 

\ / \ 

C CO 

/ \ / 

R CO—NH 

The Barbiturates, Their Structure and Duration of Action 


Barbituric Acid 


1. Prolonged duration of action 

Diethyl-, Barbital, U.S.P. CH,CH*— CH,CH*— 

Ethylisopropyl-, Ipral, N.N.R. CH.CHr- (CH,),CH— 

n-Butylethyl-, Neonal, N.N.R. CH.CHr— CH,CH,CH,CH*— 

Phenylethyl-, Phenobarbital, U.S.P. CH,—CH*— C*H,— 

2. Moderate duration of action 

Allylisopropyl-, Allurate, N.N.R. (CH,)*CH*— CH*=CHCH*— 

Isoamylethyl-, Amytal, N.N.R. CH.CH,— (CH,),CHCH,CH, 

CH=CH 

Cyclopentylallyl-, Cyclopal sodium CH*=CH—CH,— | >CH— 


Diallyl-, Dial CH*=CHCH*— CH*=C 

Isopropylbromoallyl-.Nostal,N.N.R. (CH,),CH— CH»=C 

n-Hexylethyl-, Ortal sodium, N.N.R. CH,CH*— CH,(CI 

1-Methylpropylbromoallyl-, Pernos- CH* CH*=C 

ton, N.N.R. I 

CHjCHjCH— 

Phenylallyl-, Alphenate CH*=CH—CH*— C*H,— 

Ethyl-, 1-methyl-l-butenyl-, Vinbar- CH*—CH*— 
bital 


CH*—CH* 
CH*=CHCH*— 
CH *=CBr—CH: 
CH,(CH,)«CH*- 
CH*=CBrCH*— 


Cyclohexenylethyl-, Phanodorn, 
N.N.R. 


CH.CH, 


Isobutylallyl-, Sandoptal, N.N.R. (CH,)*CHCH: 


1-Methylbutylbromoallyl-, Sigmodal 
3. Short duration of action 


CH, 

I 

CH*—CH,—CH=C— 
CH*—CH, 

/ \ 

H,C C— 

\ / 

CH*—CH 
- CH*=CHCH*— 

CH* 

| |CH*=CBr—CH t— 


CH,-CHi-CHj-CH-| 


N-Methylcyclohexenylmethyl-, Evi- CHj 
pal, N.N.R. 


1-Methylbutylethyl-, (sodium), 
Pentobarbital sodium, U.S.P. 

1-Methylbutylallyl, Seconal (sodi¬ 
um), N.N.R. 


CH,CHj 


CHr-CH* 

/ \ 

H*C O- 

\ ✓ 

CH*—CH 
CH, 

I 

CH,CH*CH,CH— 


CH, 

I 

CH,CH,CH ,CH— CH*=CHCH* 
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TABLE 59 (< Continued ) 


These include two thiobarbituric acids of the following structure: 


O 

II 

CH1CH1 C—NH 

\ / \ 

C CSNa 

/ \ X 

CHjCHjCHjCH C—N 

I II 

CH, O 

1- Me thy lbu tyle t hy 1 thiobar bi tura t« 
(sodium) pontothal sodium, N.N.R. 


o 

II 

CH,CH, C— NH 

\ / \ 

c CSNa 

/ \ ✓ 

(CHs)sCHCHsCHs C—N 

II 

O 

Iaoamylethylthiobarbituroto 

(sodium) thioethamyl 


The barbiturates have become established as important therapeutic 
agents. They are extensively used for a number of purposes, namely: 

1. For hypnotic effect: When administered orally, the barbiturates 
induce sleep. The promptness with which they act and the duration 
of activity vary. Thus barbital and phenobarbital act in from \ to 
1 hr., and their effect may last from 4 to 12 hr. with some lassitude on 
awakening; amytal and pentobarbital act in from 15 to 30 min., and 
their effect may last for about 2 to 8 hr.; and the barbiturates of short 
duration of action act promptly, often in less than 15 min., and their 
effect may be dissipated in 2 to 4 hr. 

2. As sedatives: The barbiturates act promptly and have proved 
valuable where immediate activity is needed as in insomnia, nausea, 
delirium tremens, nervous excitability, maniacal states, etc. 

3. As anticonvulsants: The barbiturates have proved effective in 
the control of convulsions such as occur in eclampsia, epilepsy, tetany, 
and poisoning by strychnine. 

4. For the potentiation of analgesics: The analgesic action of drugs 
such as acetylsalicylic acid is increased by the barbiturates. 

5. For anesthesia and premedication in anesthesia: Certain of the 
barbiturates, especially those with a short duration of action, have 
proved of value as anesthetics. Given prior to inhalation anesthesia, 
either alone or in combination with atropine or scopolamine, they serve 
as sedatives and hypnotics and in part as anesthetics to make general 
anesthesia easier and to decrease the amount of the general anesthetic 
required. The short-acting barbituric acids given intravenously induce 
anesthesia rapidly, and recovery is prompt. The absence of explosion 
hazards makes this type of anesthesia of increasing importance, espe¬ 
cially for short operations and under war conditions. 

All the barbituric acid derivatives are slightly soluble compounds. 
They form water-soluble salts with alkalies; e.g., sodium, calcium, and 
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magnesium salts are employed in therapy. The chief action of the 
barbiturates is depression of the central nervous system, particularly 
the brain. The intensity and duration of depression depend upon the 
structure of the barbiturate, the route of administration, and the dose. 

If the dose is small, the depression is slight and the effect is sedative; 
larger doses cause the onset of natural sleep and the effect is hypnotic; 
very large doses or a high concentration in the blood cause unconscious¬ 
ness and the effect is anesthetic. 

The barbiturates are usually administered as tablets or in capsules 
for their sedative and hypnotic effects. Liquid preparations such as 
Elixir of Phenobarbital, U.S.P., are used to some extent. Ampuled 
solutions of practically all products are available for parenteral admin¬ 
istration. 

The analgesic action of drugs such as acetylsalicylic acid is increased 
by the barbiturates. Combinations, e.g., Lumalgin (phenobarbital 
-f- acetylsalicylic acid), Evicyl (evipal + acetylsalicylic acid), Allonal 
(allurate 4- aminopyrine), Pyraminol (phenobarbital 4- aminopyrine), 
Cibalgen (dial 4- aminopyrine), offer little advantage since the propor¬ 
tions of the ingredients are fixed. Each drug maybe given separately 
to advantage so that the quantity and effect of each component may be 
more advantageously regulated. 

^NH—CO 

Alloxan (Mesoxalylurea), CO ^CO, is obtained from urea 

Nra—co 

by oxidation with nitric acid. Because of the pink color it imparts 
to the skin it was once used as a cosmetic like rouge. Interest is reviving 
in the compound because of its diabetogenic properties. Administered 
orally or intravenously to cats it produces diabetes. It has a destructive 
effect on the beta cells of the pancreas, injures the adrenal cortex, 
pituitary, liver, and kidneys. 1 The toxic and diabetogenic activity 
is increased in animals receiving low-protein and high-fat diet. This 
property is counteracted by methionine and thiouracil. 2 

The observations of Astwood 3 - 4 and the Mackenzies 5 showed that 
certain compounds including thiouracil, propylthiouracil, thiourea, and 
derivatives such as phenylthiourea and thiobarbituric acid, sulfonamides, 
o-, m-, and p-benzoic acids, and the thiocyanates inhibit the production 
of thyroid hormone. Propylthiouracil was the most active of more than 

1 Ruben and Yardumian, Science , 103, 220 (1946). 

* Houssay and Martinez, Science , 105, 548 (1947). 

*J . Pharmacol, and Exptl. Therap., 78, 79 (1943). 

4 Endocrinology , 37, 456 (1945). 

1 Endocrinology, 37, 185 (1943). 
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300 compounds tested by Astwood. Drugs of this type have been 
tested for use in thyrotoxicosis as an alternative to thyroidectomy or as a 
means of preparing patients for surgery. These tests have shown that 
propylthiouracil has an activity about five times that of thiouracil in 
man and that it is less toxic. Propylthiouracil may replace surgery 
largely in the treatment of thyrotoxicosis since its use gives rise to 
sustained remissions in a large proportion of cases. 

Astwood and his co-workers have shown that antithyroid activity is 
found in compounds having the structure —N—C—R where R is N , 

_g or —O—. In substituted 2-thiouracils, activity has been shown 

to vary with the position and nature of the substituent. Substitution 
in position 6 gives greater antithyroid effect than substitution at position 
5; maximum activity is attained when the alkyl group contains 3 to 4 
carbon atoms. The presence of the double bonds is essential. Substi¬ 
tution of methyl or ethyl groups on an N atom decreases activity. 
Replacement of the hydrogen atom at position 5 or 6 by a group other 
than a hydrocarbon group causes complete loss of activity, suggesting 
that the activity is associated with the polar nature of substituents. 

The thiouracils may be synthesized from a 0-ketonic ester and 
thiourea, in yields varying from 4 to 78 per cent, depending on the 
intermediate, according to the equation : l 

NH 2 COOR hn 3 - 4 CO 

II II 

C=s + CHR' —► S=C 2 5 C—R' 


NH 2 COR" 


HN 1 - fl C—R" 

2-Thiouracil, 

R' nnd R" - H 


It has been suggested that the thiouracils owe their antithyroid 
activity to the ease with which iodine oxidizes them : 2 


CO—NH 

/ \ 

2 HC C=S + I 2 + 2Na+ —> 

\ / 

CH—NH 

CO—NH NH—CO 

/ \ / \ 

HC C—S—S—C CH -I- 2 Nal 

\ S XX 

CH—N N-CH 


1 Anderson, Halverstadt, Miller, and Roblin, J. Am. Chem. Soc., 67, 2197 (1945). 
* Miller, Roblin, and Astwood, J. Am. Chem. Soc., 67, 2201 (1945). 
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Propylthiouracil is a white, crystalline, stable powder, practically 
insoluble in water, alcohol, acetone, and fixed oils but readily soluble 
in alkaline solutions. Solutions in alkali adjusted to a pH of 9.5 can 
be sterilized by heating for 30 min. at 15 lb. pressure. It is usually 
administered in the form of tablets, capsules, or a suspension of the 


microcrystalline powder. 



HN- 

l 

-CO 

1 

HN- 

1 

1 

1 

SC 

1 

CH 

1 

SC 

1 

CH 

1 

II 

1 

ii 

HN- 

- CH 

HN - 

- C—CH 2 —CH 2 —CHj 


Thiouracil 


Propylthiouracil 


Oxazole Derivatives 

Stoughton 1 observed that the esters of the dialkylglycolic acids con¬ 
dense with urea to give good yields of 5,5-dialkyloxazolidine-2,4-diones: 


R' COOEt H 2 N 

V + co ( ^ H> 

R' 

\ 

c„— 

— 4 CO 

/ \ 

1 

/I 

1 

R OH 

H 2 N 

R O' 

*NH 


The close structural relationship of these products to compounds 
possessing hypnotic activity prompted an investigation of their pharma¬ 
cological properties. 

Propazone (5,5-Di-n-propyloxazolidine-2,4-dione) is a potent, long- 
acting hypnotic and anticonvulsant agent. 2 Alkylation of the nitrogen 
atom produces a marked qualitative change in physiological properties; 
a strong analgesic effect appears.’ 

Trimethadione, N.N.R. (Tridione, 3,5,5-Trimethyloxazolidine-2,4- 
dione), white crystals, m.p. 45-46.5°, with camphorlike odor, is the best 
compound of the series. It is an anticonvulsant and is effective in 
relieving epileptic seizures of the petit mal type. 4 It is usually ad- 
ministered in capsules. 

Thiazoles 

Penicillin may be regarded as a thiazole derivative, see page 417. 

1 Stoughton, J. Am. Chcm. Soc., 63, 2376 (1941). 

*Tainter, J. Pharmacol., 79, 42 (1943). 

* Spielman, J. Am. Chem. Soc., 66, 1244 (1944). 

4 Lennox, J. Am. Med. Assn., 129, 1069 (1945). 
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The thiazole heterocycle has thus far been found in but one natural 
compound, thiamine or vitamin Bi- Synthetic derivatives, however, 
are found useful. 

2-Aminothiazole, prepared according to the equation 1 

XCHaCHX—O—CHX—CHiX + NH 2 CSNH 2 —► 


HC, 


■aN 


HC 5 2 C—NH 2 


2-Aminothiftiole 


is an intermediate in the synthesis of suifathiazole. As a derivative of 
thiourea it also exhibits antithyroid activity. 2 
2- (4-Thiazolyl) ethylamine has biological properties similar to those 

of histamine. 8 


XT' 

ThUsolylothyUndno 



Derivatives of 6-aminobenzothiazole exhibit antitubercular proper¬ 
ties. 4 


Thiamine 

The determination of the structure and the synthesis of vitamin Bi, 
thiamine, is one of the most romantic detective stories of modern chem¬ 
istry. Rice bran and yeast were found, by biological tests, to be the rich¬ 
est sources of the vitamin. The vitamin could be adsorbed on clay, from 
which it was most effectively displaced by means of quinine sulfate. 
In 1933, Williams and his co-workers were able to isolate about 5 g. of 
pure vitamin from a ton of rice polishings. s 

In 1929 Professor Eijkmann, of Utrecht, received the Nobel Prize for having 
made the discovery in 1898 that polyneuritis in fowls was identical with human 
beriberi. It was subsequently discovered that both afflictions may be cured by the 
ingestion of rice bran. It remained for R. R. Williams, who became “ inoculated in 

1 Britten and Harding, U. S. pat. 2,387,212; C.A., 40, 1179 (1946). 

* Bovet, Bablet, and Fournel, Ann. institute Pasteur , 72, (Jan. Feb.) 1946. 

* Arlenmeyer and Muller, Helv. Chim. Acta, 28, 922 (1945); C.A., 40, 869 (1946). 

♦Freedlander and French, Proc. Soc. Exptl. Biol. Med., 66, 362 (1947); C.A., 42, 

3073 (1948). 
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1910 with a curiosity about the beriberi-preventing substance in rice bran,” to solve 
the mystery in the early thirties of the present century. 

“ In this operation we used as vessels a 1300 gallon tank at the first stage and a 
20 cc. test tube in the twentieth and last stage." 

Donath had isolated an impure product with high activity, but he was unable to 
determine the elementary analysis of the vitamin. Windaus isolated sufficient of the 
active material to establish the presence of sulfur in the molecule. 

Thanks to microchemical procedures, smaller amounts sufficed in 1933 to make a 
thorough investigation of the pure vitamin. Its composition was determined to be 
CnHwNiOSClj. Sulfur dioxide was found to split the molecule according to the 
equation 

CnHuN«SOCli + HtSOi—► C.H.N.SO, + C.H.NSO + 2HC1 

1 2 

Fragment 1 was shown to be a 6-aminopyrimidine derivative of the structure I. 
The other fragment was shown to be a thiazole derivative of the structure II. 


N=C—NHt 

I I 

CHj—C C—CH,—SO«H 

II II 

N—CH 
I 


S-C—CHjCHjOH 

I II 

H—C C—CH, 

X / 

N 


II 


This is the first and only known instance in which the thiazole heterocycle has been 
encountered in a natural product. In establishing the structure of this fragment all 
the skill and cleverness of a group of American chemists was called into play. The 
nature of the heterocycle was established both by physical methods and by synthesis. 

From various considerations, it was postulated that in the vitamin the 
two fragments were united in such manner as to form the quaternary 
ammonium salt, 2-methyl-5(4-methyl-5-/3-hydroxyethyl-thiazolium chlo- 
ride)-methyl-6-aminopyrimidine. This structure was proved by syn¬ 
thesis, which may be summarized: 


EtO—CHj 

I 

CH a 


+ H—COOEt 


COOEt 


EtO—CHa 

I 

CHCHO 

I 

COOEt 


Ethyl /5-ethoxy- Ethyl formate 
propionate 

N=C—OH N=C—a 

CH i NH CH,—C C—CH,—OEt 2g! Me—C O-CH.OEt 

eoet&midine , 


II II 

N—C—H 


N—C—H 

4-Chloro-6-ethoxymethyl- 
2 -methyl pyrimidine 
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alooholio NET* 


N==C—NHt 

I I 

Me—C C—CHaOEt 

II II 

N—C—H 


HBr 


N==C—NHa-HBr 

I I 

Mfr-C C—CHaBr 


4-Amino-5-bromomethyl- 
2 -me thy lpyrimi do mum 


Cl 

I 

CH*—CO—C- 


■CO 

\ 


o CH*—CO—CH—Cl 

/ HO& I 

CH*—CH* CH*—CH*—OH 

nhi-cii-s CH r -C==O-CH,CH,0H Int _^ wA 
N S 

X/ 

CH 


thloformamide 


CH* 

i 

N=C—NHj-HBr C=C—CHjCH>OH 

I I / 

Me—C C-CHi— N 

II II + x 

N—C—H Br- CH—S 

Vitamin Bi bromide hydrobromide 


Thiamine Hydrochloride, U.S.P., N.N.R. (Vitamin B, Hydrochloride, 
Thiamine Chloride), is a white, crystalline product, readily soluble in 
water to form an acid solution. The crystals absorb water on exposure 
to air. It is slightly soluble in alcohol and insoluble in oils. It is 
relatively stable to heat; solutions may be sterilized by boiling for 1 hr. 
or at 120° for 20 min. without appreciable loss of potency. Cooking of 
acid foods is said to destroy from 5 to 15 per cent of the vitamin, and in 
alkaline products 80 per cent may be lost. 

Good sources include yeast, rice polishings, lean pork, liver, oysters, 
wheat germ, egg yolk, whole-grain cereals, peanuts, dried beans, and 
milk . 

The unit of potency is the antineuritic activity of 3 7 (0.003 mg.) of 
pure synthetic thiamine hydrochloride. 

Deficiency of the vitamin may be caused by inadequate intake due to 
improper food habits as in diets or by destruction of the vitamin in 
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cooking. Inadequate absorption as in the vomiting of pregnancy, 
chronic diarrhea, etc., may cause deficiency. Increased requirements as 
in lactation, hyperthyroidism, fever, alcoholism, and violent exercise 
also may lead to deficiency. 

The normal daily requirements have been estimated as follows: 


Infancy and childhood 
Adolescence and maturity 
Pregnancy and lactation 
Acute deficiency 


0.6 to 1.5 mg. (200 to 500 units) 
1.5 to 2 mg. (500 to 666 units) 

2 to 5 mg. (666 to 1665 units) 

10 to 50 mg. (3330 to 16650 units) 


The vitamin is used to treat conditions that arise from deficiency such 
as neuritis of alcoholism, pregnancy, wasting diseases, etc., and in cardio¬ 
vascular disease of dietary origin, gastrointestinal disorder such as poor 
appetite and constipation, ulcerative colitis, and numerous other condi¬ 
tions. Further clinical use will ultimately determine the true value 
and usage of the vitamin. It is administered orally as tablets, or intra¬ 
muscularly in solution by injection. 

Structural analogs of thiamine which are antagonistic include pyri- 
thiamine, oxythiamine, a benzenoid analog, and the 2-butylpyrimidine 
homolog. 1 

NH, CH, 

/ I 

N=C C—C—CH,CH,OH 

/ X +/ X 

CHj—C C—CH,—N C—H 

% ✓ X ✓ 

N—CH CH—CH 

Pyri thiamine 

CH, 

I 

C=C—CH,CH,OH 

+/ 

CH,—C C—CH,—N 

X ✓ X 

N—CH CH—S 

Oxythiamine 


OH 


• / 
N=C 

/ X 


CH, 

I 

CH=C—NH, C==C—CH,CH,OH 

/ \ +/ 

C,H,CH,-C^ ^C-CH,-N^ 

^CH—CH^ ^CH—S 

Benzyl analog 

* Woolley, Advances in Emymology, 6, 131 (1946); Emerson and Southwick, 
J. Biol. Chem., 160, 169 (1945). 
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CH, 


NH, 


C=C—CH,CH,OH 


C«Hf—C 


/ 


X 


C—CHi 


-N 




N—CH CH—S 

2-Butyl homolog 


The Vitamin B Complex 

The large amount of research carried out in different laboratories on 
vitamin B has resulted in a confusing multiplicity of names for various 
factors and groups of factors. These may be summarized as follows: 

Vitamin B: The entire vitamin B complex. 

Vitamin B x : Thiamine hydrochloride, thiamine chloride, aneunn, antineuritic 
factor, antiberiberi factor. 

Vitamin B%: Riboflavin, vitamin G, lactoflavin, ovoflavin, flavin. 

Vitamin B A growth factor for the pigeon. A factor capable of curing specihc 
paralytic symptoms in the rat. May be pantothenic acid. 

Vitamin B<: A factor associated with specific paralytic symptoms in rats and 
chicks. May be a mixture of arginine and glycine. 

Vitamin £*: A wcight^maintenance factor for pigeons. 

Vitamin B%: Pyridoxine, pyridoxine hydrochloride, adcrmin. An antidcrmatitis 
factor for rats. Has properties common to, but not necessarily identical with vitamin 
H, factor I. 

Vitamin B lh probably the true antianemic factor. 

Vitamin B t , nutrition factor for the chick. Folic acid. 

Vitamin O: See Vitamin B*. 

Vitamin H: Biotin, coenzyme R. 

Vitamin L: Lactation vitamin. Probably two separate factors, one present in 
liver filtrate, the other in yeast filtrate; necessary for the growth of the rat. 

Choline: Prevents fatty liver in the depancreatized dog. 

Factor W: A growth factor essential to rats. Contains pantothenic acid, and an 
unidentified growth substance; lacks vitamin B*; may be biotin. 

Factor X: Necessary to prevent graying of black hair in rats. 

Nicotinic Acid: Prevents or cures certain characteristic aspects of pellagra. 

Nicotinic Acid Amide: Probably Goldberger’s P-P factor. An essential constitu¬ 
ent of cozymase molecule. Same therapeutic actions as nicotinic acid. 

p-Aminobenzoic Acid: A hair-color factor for the rat and a growth-promoting 
factor for the chick. 

Pantothenic Acid: 11 The universal vitamin.” Chick antidermatitis factor, con¬ 
tained in the filtrate factor. 

Riboflavin, U.S.P., N.N.R. (Vitamin B 2 , Lactoflavin, Ovoflavin, Di- 
methylribityl-iso-alloxazine), is an orange-yellow, crystalline powder, 
slightly soluble in water with the formation of yellow-green fluorescent 
solutions, m.p. about 280° with decomposition. It is destroyed by 
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alkalies and slowly by light, but it is heat stable. Canning is reported 
to destroy from 5 to 20 per cent of the vitamin. Cooking by stewing 
does not cause much decomposition but roasting and frying do. 


CH, CH, 


C-C 

✓ % 


H—C 


o=c 


C—H 



Riboflavin was known as early as 1879 as the water-soluble, yellow- 
green, fluorescent pigment from milk, lactochrome. It was not until 
1925 that Kallman isolated appreciable amounts of the pigment. In 
1932, Warburg and Christian observed that this pigment is present in 
the “ yellow enzyme,” which acts as a transporter of molecular oxygen 
to the substrate. 

Good sources of this vitamin include dried yeast, liver, kidney, eggs, 
meat, wheat germ, milk, cheese, spinach, turnip greens, and carrots. 

The daily requirements of this vitamin have been estimated at 1.5 to 
2 mg. for children, to 2 or 3 mg. for adults, and 3 to 5 mg. during preg¬ 
nancy and lactation. 

It appears to be a constituent of all cells and to play an important part 
in oxidation-reduction processes. Deficiency leads to ocular disturb¬ 
ances such as photophobia and blurred vision, to skin disturbances such 
as dermatitis and loss of hair, and to lowered general tone of the health. 
The vitamin is employed to counteract such symptoms. It is adminis¬ 
tered in the form of tablets or capsules by mouth, and in sterile solution 
for intramuscular or subcutaneous injection. 

The structure of the vitamin is indicated by the method of its syn¬ 
thesis. 1 

1 Karrer et al., Helv. Chim. Ada, 18, 69 (1935). 
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/ X 
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Me-C C—NH, 

X / 

CH 
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II 1 1 
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-2HOH 
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OC—N—H 


CH Me 

✓ X I 

Me—C C-N- 


Me—C C—N=C CO 

X / II 

CH CO—NH 

Lumiflavin, obtained in over-all yield of 75 per oent 
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Riboflavin differs from lumiflavin in having the ribityl group attached 
to the N in place of the methyl. Synthetically it is placed there by 
forming a Schiff’s base from the aminonitroxylene: 


CH 

CH«—C C—NH, —HOB 

| || + OCH—(CHOH),CH,OH —► 

CH«—C C—NO, 

X / 

CH 

D-RiboM 


CH 

^ \ 

Me—C C—N=CH(CHOH),CH,OH 

I II 

Me—C C— NO, 

X / 

CH 


CHjOH 

I 

(CHOH), 

I 

CH CH, 

/ \ I 

Me—C C—NH 

I II 

Me—C C—NH, 

X / 

CH 


From this step forward the condensation with the enol form of alloxan 
is the same as for lumiflavin. 

The structure of Warburg’s yellow enzyme has been shown to be: 


CH,—CHOH—CHOH—CHOH—CH*—0—PO—OH 


CH 

' \ 


Me-C C—N—C=N 

I II I I 

Me-C C—N=C CO 

X / II 

CH OC—N—H~ 


\ 


OH 


specifio 

protein 


Among the antagonists to riboflavin are D-araboflavin, 2,4-diamino- 
7,8-dimethyl-10-ribityl-5,10-dihydrcphenazine, 6,7-dichloro-9-ribityl- 
isoalloxazine, and S^-dimethyl-Q-ribitylisoalloxazine. 1 

»WooUey, Advances in Emymology , 6, 131 (1946); v. Euler and Karrer, Helv. 
Chim. Ada, 29, 353 (1946). 



PURINES 


625 


Phenothiazine 


NH 



Phenothiazine, N.F. (Thiodiphenylamine), is a greenish-yellow com¬ 
pound. It is slightly soluble in water and in organic solvents, m.p., 
180°. It has been found to be highly effective against certain insects, 
e.g., the tent caterpillar, culicine mosquito, and the codling moth larvae. 
It appears to be a specific poison for certain insects and to be nontoxic o 

plants and warm-blooded animals. 

It is extensively used in veterinary therapy to remove internal para¬ 
sites from animals and poultry. In human therapy, it is employed in 
the form of lotions and ointments as a parasiticide. It is recom¬ 
mended for Oxyuris infestation, but with sensitive patients close ob¬ 
servation is necessary. 1 - 10-Ethylphenothiazine and 10-methyl pheno¬ 
thiazine are also effective. 2 


PURINES 

Derivatives of purine are widely scattered throughout the plant and 
animal kingdom. Historically the chemistry of the purines begins with 
Scheele’s discovery of uric acid (1776). 


Ni=eCH 


H—Cj —N\^ 

11 11 7 »0-H 


N 3- 4 0- N ‘ 

Purine 


Uric Acid (2,6,8-Trioxypurine) was the first of purine compounds 
to be discovered. Its relationship to urea is evident from its various 
methods of synthesis, one of which is indicated, 


i Deschiens, Presse med., 54, 53 (1946); C.A., 41, 529 
* Deschiens and Lamy, Compt. rend. soc. biol., 139, 447 (1945); 

(1946). 


C.A ., 40, 4434 


626 HETEROCYCLES CONTAINING TWO OR MORE HETEROATOMS 


H—N—CO H—N-CO 

II II 

OC C—OH H—NH OC C—NH 

I II + /CO - ’' | | >co 

H—N—C—OH H—NH H—N—C—NH 

I*obarbiturio acid Urea Urio acid 

Xanthine (2,6-Dihydroxypurine), C$H 4 0 2 N4, was first isolated from a 
urinary stone. It has since been isolated from muscle, liver, and tea 
leaves, and it is a natural component of human urine. It probably 
exists as an equilibrium mixture as indicated. 


H—N—CO 


OC C- 




H—N—i 


\ 


C-H 


-N 


Xanthine, 
keto form 


N=C—OH 

I I 

HO-C C— 


,C-H 


N-C—N 

Xanthine, 
enol form 


Other purine derivatives of biochemical interest include: 


H—N-CO H 

I I / 

NHj—C C—N 

\ 


C-H 


N-C-N 

Guanine 


H—N—CO H 

I I / 

H-C C-N 

\ 


C-H 


N-C-N 

Hypoxanthine 


N=C—NHt 

11 / 


H-C C—N 


\ 


C—H 


N—C—N 

Adenine 


Guanine (2-Amino-6-ketopurine) occurs widely in the plant kingdom, 
and it has been isolated also from various animal tissues and from 
excreta. 

Hypoxanthine (6-Ketopurine) appears in various animal organs and 
body fluids and in a variety of plants, such as the lupines, barley, pepper, 

and beet. , 

Adenine (6-Aminopurine) is widely distributed in both the plant and 
the animal kingdom; it occurs as a constituent fragment of the nucleic 
Acids* 

A number of closely related compounds may be regarded as simple 
methylated derivatives of xanthine, or they may be regarded as deriva¬ 
tives of purine. They occur in a number of vegetable products used 
throughout the world as beverages such as tea, coffee, cocoa, guarana, 
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and mat6. Tea and coffee contain about 1 to 1.5 per cent caffeine, 
cocoa contains from 1 to 3 per cent theobromine, and tea also contains 
xanthine and theophylline. It is of interest to note that these stimu an 
xanthine beverages were used widely in various parts of the wor ong 
before means of intercommunication were established. Thus, tea an 
coffee were used by the ancient tribes of Asia, kola nuts were use y 
the natives of West Africa, guarana by the natives of the Argentine, 
and mats by the Indians of Brazil since early times. All these bever¬ 
ages cause stimulation of the central nervous system, but there is no 
evidence that they are harmful when used in moderation except to indi¬ 
viduals who are particularly susceptible and those suffering from certain 
disorders such as gout (uric acid formed from the xanthines), hyperten¬ 
sion, and cardiac irregularities. 

The xanthines of importance are caffeine, theophylline, and tneoor 
mine. They are similar in their physiological activity, but there is a 
considerable difference in the intensity of action on various structures. 
The nature and the relative order of their activities are indicated in 

Table 60. # t Am . 

The close relationship between the structures of these compounds is 

indicated by their formulas: 


CHj—N—CO 

OC C—NH 

\ 

CH 

✓ 

CHi—N—C—N 

Theophylline 


H—N-CO 

I I 

OC C—N—CHj 

\ 

C—H 

/ 

CHj—N—C—N 

Theobromine 



CHj—N—CO 


OC C—N—CH* 

I II ^CH 


CHj—N—C—N 
Caffeine 


TABLE 60 

Relative Activities of the Xanthine Alkaloids 



Order of decreasing activity is 1, 2, 3. 


The variation in activity is utilized in therapy. Thus caffeine is pre- 
ferred for its action on the central nervous system, especially in the 
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treatment of poisoning by central depressants, e.g., morphine. Theo¬ 
bromine and theophylline are used for their action on the coronary cir¬ 
culation and as diuretics. The free xanthine bases are rather irritant 
to the gastric mucosa. The salts are less irritant, and the discomfort 
and nausea following their use can be largely eliminated by adminis¬ 
tering them after a meal. 

The xanthines are very weak bases which do not form stable salts 
with acids. They form crystalline, soluble, double salts with compounds 
such as sodium acetate and sodium salicylate. 

/ Th eophyllin e (Theocin) is a white, crystalline powder, soluble in 
water about 1 : 120, m.p. about 272°. The more soluble derivatives, 
Theophylline Ethylenediamine , U.S.P. (aminophylline), and Theophylline 
and Sodium Acetate , U.S.P. , are double salts readily soluble in water. 
The free base and salts are usually administered orally in tablets, but 
aminophylline is suitable for administration by injection. 

Much of the compound used medicinally is obtained from 4,5-diamino- 
l,3-dimethyl-2,6-dioxyprimidine, by heating the formyl derivative with 
alkali. 


CHr-N—CO 

-BOH 

OC C—NH—CHO —► 


CHi—N—CO 

I I 

OC C—NH 

\ 


CH 


CHj—N- 


-NH, 


CHj—N—C—N 

Theophylline 


Theobromine (3,7-Dimethylxanthine) is a white, crystalline powder, 
slightly soluble in water and organic solvents. It is soluble in alkalies 
and forms soluble double salts with a number of substances. It is 
generally employed in the form of its double salts such as, Theobromine 
and Sodium Salicylate , N.F. (diuretin), Theobromine and Sodium Acetate , 
U.S.P., and Theocalcin, N.N.R. (a mixture of calcium theobromine 
and calcium salicylate). The theobromine compounds are usually 
administered orally as tablets or as a powder in capsules. 

Ca ffeineJ .S.P. (Theine, 1,3,7-Trimethylxanthine), consists of white 
crystals, slightly efflorescent in air, soluble in water about 1:46, and less 
soluble in organic solvents; m.p. when anhydrous about 236°. It is 
used as such in powders contained in capsules or in the form of tablets 
for oral administration. The more soluble double salts, Citrated 
Caffeine , U.S.P., Caffeine and Sodium Benzoate , U.S.P., and Caffeine 
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and Sodium Salicylate, N.F., are commonly used_ The solution 
Ampule of Caffeine and Sodium Benzoate, N.F., is used for hypodermic 

^The Sic°^d nitrous acid esters of the 7 -hydroxymethyl derivative 
are reported effective in alleviating h>gh blood pressure. A useful 
example of this type is found in an ester of 8-chlorocaffeine. 

Pteridines 

The pigments of the wings of the Lepidoptera were first suspected of 
being derivatives of purine, 1 but their synthesis from 4,5-d.amino- 
pyrimidine compounds and glyoxalic showed that they are constructed 
from fused pyrimidine and pyrazine cycles.* 4 


OH 

C NHa 

./ \ / COOH 
N C + I — 
I II CH0 

H a N— C c 

\ / \ 

N NHa 

2.4>Triamino- Glyowlio 

4 -bydroxypyrimidin© »cia 


C N 

/ \ / S. 

N C C-OH 

I II I 

C c CH 

/ \ / 

HiN N N 

Xanthopterin 


Derivatives are xanthopterin, a yellow pigment; leucoptenn, colorless 
crystals; ichtyopterin, C.H.O.N., a blue fluorescent substance found 
in fish.* Xanthopterin has been separated chromatographically from 

urine** 4 and from the crab. 6 _ . - , 

Medical interest was aroused in these compounds when it was found 
that xanthopterin could be converted by yeast into folic acid, that it 
exerted beneficial effects in anemia, 8 and was a possible biological 

precursor of folic acid. 9 . 

Folic Acid [Lactobacillus casei Factor, Vitamin B e , Vitamin 

Pterolyglutamic Acid, NMp-{[(^ a “ in ^- h y drox yP^ im,do ‘ l4 ’^ 1 “ py “ 
razine-6-yl )methyljamino | benzoyl | glutamic acid] is an essential factor 

iSpeer, U. S. pats. 2,351,834 and 2,351,844; C.A., 38, 5368 (1944). 

* Purrmann, Ann., 544, 182 (1940). * • 

* Purrmann, Ann., 546, 98 (1940). • 

4 Koschara, Z. physiol. Chem., 277, 159 (1943). 

1 Hiittel and Sprengling, Ami., 554, 69 (1943). V . 

• Polonovski and Fournier, Compt. rend. soc. bioL, 138, 3o7 11W4J. 

1 Trotter, Mims, and Day, Science, 100, 223 (1944). 

8 Simmons and Norris, J. Biol. Chem., 140, 679 (1941). 

• Wright and Welch, Science, 98, 179 (1943). 
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found in the liver 1 and in green leaves. Four chemically and biologi¬ 



cally distinct substances which possess folic acid activity have been 
found in nature. The simplest is probably pteroic acid, the Strepto¬ 
coccus Iwtis R factor (SLR factor). Pteroyl glutamic acid, in which 
pteroic acid is joined in peptidelike union with glutamic acid, has been 
isolated from the liver and is identical with the liver L. casei factor and 
vitamin B c , so called because it relieved deficiency symptoms observed 
in chicks. It is not the antipemicious anemia factor as at first hoped, 
but it is capable of providing partial and even complete remission of the 
hematological changes produced in pernicious anemia, sprue, and 
macrocytic nutritional anemia. 2 Pteroyltriglutamic acid has been 
isolated from the fermentation products of a diphtheria organism. It is 
reported that the intravenous administration of this compound to mice 
arrested the growth of transplanted mammary tumors. 3 Pteroyl- 
heptaglutamic acid, also known as vitamin B« conjugate, has been 
isolated in crystalline form from yeast. It may be degraded enzymically 
to pteroylglutamic acid. 

The presence of p-aminobenzoic acid in the folic acid molecule points 
the way to an appreciation of the mode of action of the sulfa drugs. If 
it is assumed that p-aminobenzoic acid is an essential substrate from 
which pteroic acid, or pteroylglutamic acid, is biologically synthesized, 
then the isosteric sulfa compounds would be expected to compete with 
it. It has been experimentally proved that sulfonamides markedly 
inhibit the formation of folic acid by bacteria. 4 Bacteria that require 
folic acid but are incapable of synthesizing it are not inhibited by the 
sulfa drugs; presumably there is no synthesizing enzyme to inhibit. 6 *® 

The structure of these compounds is confirmed by two syntheses, one 
of which is indicated. 7 

i Pfiffner, Binkley, Bloom, and O'Dell, J. Am. Chem. Soc., 69, 1476 (1947). 

* Spies, Ann. Rev. Biochem., 16. 387 (1947). # 

* Lewisohn, Leuchtenberger, Leuchtenberger, and Keresztesy, Science , 104, 436 
(1946). 

« Miller, Proc. Soc. Exptl. Biol. Med., 57, 151 (1944). 

* Lampen and Jones, /. Biol. Chem., 164, 485 (1946). ‘ 

* Woolley, Ann. Rev. Biochem ., 16, 375 (1947). 

7 Angier el al., Science, 103, 667 (1946). 
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Folic acid is reported to be effective in producing blood regeneration 
in Addisonian pernicio us anemia, nutritional macrocytic anemia, and 
the^macrocyfiC &nemla~of sprue, but it does not protect against or 
reverse natural change. In normal individuals folic acid administra¬ 
tion caused an increase in the red blood cell count when the count was 
under 4,000,000 and no response when the count was over 4,000,000. 

Folic acid is usually administered orally in tablets or by injection in 
aqueous solution of sodium folate. 

The isolation of vitamin Bi 2 was announced in April, 1948, 1 and 
it was described as a “ crystalline, red compound which is highly active 
for producing hematological responses, in patients with pernicious and 
other anemias,” 2 and active for the growth of Lactobacillus lactis and 

»Rickes et al., Science, 107, 396 (1948). 

* West, Science, 107, 398 (1948). 
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chicks. 1 Cobalt appears to be a significant component of the molecule. 2 
The vitamin probably functions in the synthesis of thymidine.* 

Piperazine derivatives of general structure 

COOR 

1 

N 

/ \ 

HiC ‘ CH, 

I I 

H,C CH, 

\ / 

N 

1 

R' 

have been examined for the treatment of filariasis. 4 The most active 
of a series of more than fifty compounds were l-carbethoxy-4-methyl- 
piperazine, l-diethylcarbamyl-4-methylpiperazine, and 1-dimethyl- 
carbamyl-4-methylpiperazine. 1 

THIONINE DYES 

The only dye of this type that has attained general medicinal use is 
methylene blue. 

Methylene Blue, Methylthionine Chloride, U.S.P., was prepared first 
by Caro (1876) by oxidizing dimethyl-p-phenylenediamine in the pres¬ 
ence of hydrogen sulfide. Later Bernthsen (1889) used sodium thio¬ 
sulfate as a means of introducing the sulfur, and this method is exten¬ 
sively used at the present time. Dimethyl-p-phenylenediamine in the 
presence of sodium thiosulfate forms the thiosulfonic acid of the base. 
The latter, when mixed with dimethylaniline and subjected to further 
oxidation, yields an indamine thiosulfonic acid which parts with sul¬ 
furic acid to form methylene blue upon boiling with dilute hydrochloric 
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has been replaced largely by phenolsulfonphthalein. 
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CHAPTER XV 
STEREOISOMERISM 

Up to this point the discussion has been centered chiefly on what may 
be considered gross changes in molecular structure. For example, the 
effects of position isomerism, homology, analogy, the presence or 
absence of certain groups and their location in the molecule have been 
described. These factors are, it is true, very important and it is neces¬ 
sary that the pharmaceutical chemist be thoroughly familiar with the 
phenomena attending such molecular modifications. 

There is, however, another type of structural isomerism which is too 
often regarded as relatively minor, namely, stereoisomerism, i.e., the 
architectural arrangement of the physiologically active molecule in space. 
Although this field has been extensively investigated as an interesting 
scientific study, the medicinal chemist should give it more attention. 
Abundant evidence has accumulated from many directions to indicate 
that the spatial configuration of the active molecule may be of as great 
importance as its gross structure. 

Stereoisomerism depends on the tridimensional nature of the carbon 
atom and the Le Bel and van’t Hoff concept (1874) that its four valences 
projecting from the center make equal angles with each other. 1 - 2 

9 


i 

Lines connecting each of the imaginary valence bonds at equal dis¬ 
tances from the center form a regular tetrahedron. Hence, it is con¬ 
venient to picture the tridimensional nature of the carbon atom as a 

1 For a more detailed discussion of the valence angles of the carbon atom see 
Gombert, J. Chem. Education, 18, 336 (1941). 

* Carbon is not the only element to exhibit the phenomenon of stereoisomerism. 
For a complete discussion of stereochemistry reference should be made to more com¬ 
prehensive treatises such as Freudenberg, Stereochemie, Deuticke, Leipzig and 
Vienne, 1933, and to the chapter in Gilman’s Organic Chemistry , John Wiley and 
Sons, Inc., New York, pp. 214-488 (1943). 
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tetrahedron. If four different groups are attached to the apices of the 
tetrahedron (the four valences of the carbon atom), two spatial arrange¬ 
ments are possible. The observer stationed at 0 will find that in I the 
order RiR 2 R 3 is clockwise, whereas in II it is counterclockwise. An 
appreciation of these space arrangements is best gained by working 
directly with molecular models. Attempts to understand fundamentals 
by using only projection formulas may give false first impressions. For 
example, the following may at first glance seem to be different from 
model I, but in each the observer at 0 will find the order R 1 R 2 R 3 to 
be clockwise. 



In a similar manner the following are identical with II; the order RiR 2 R* 
is clockwise. 



The models, I and II, are also spoken of as mirror images, related to each 
other as are the right and left hands. More particularly, they are called 
enantiomorphs. 
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As isomers, enantiomorphs differ from each other in certain of their 
properties, namely, in their effect on plane polarized light and, in phys¬ 
iologically active compounds, in some of their qualitative and quanti¬ 
tative responses. The physiological differences will be discussed later. 

Optical Properties. Biot observed as early as 1815 that plane ^polar¬ 
ized light passing through turpentine or through solutions of such sub¬ 
stances as tartaric acid or sugar was rotated. And it was Biot who 
devised the formula now used to calculate specific rotation: 

l “ ] = s 

r i l00a 

or for solutions 1<*J = 

(a] = speciSc rotation 
a - observed angular rotation 
l * length of liquid in decimeters 
d - density 

c = concentration in per cent 

Enantiomorphs are identical in all other physical properties except 
their rotatory effect on plane polarized light; one rotates to the right the 
other to the left, but the magnitude of rotation is identical for the two. 
Hence, they are also spoken of as optical isomers. 

Chemical Properties. In their chemical behavior optical isomers 
show identical properties. An exception to this is found in reaction 
with other optically active compounds for the formation of disastereo- 
isomers. These will be discussed in more detail later. 

Factors Influencing Rotation. The observed rotation of plane polar¬ 
ized light is accounted for by the special properties of the absorption 
bands, and the direction of the rotation is a summation of the effects 
of the individual bands of the compound. 1 For example, two stereo¬ 
isomers, such as illustrated in I and II, page 635, have identical groups 
and hence should show identical absorption; however, the summation 
of effects, although of equal magnitude, will be of opposite sign. This 
being true, any factor that influences the absorption of light will affect 
the experimentally observed values. 

It was early observed that the rotatory power of a given substance 
varies approximately inversely with the square of the wavelength of the 
light employed; that is, the shorter the wavelength the greater the 
observed rotation. However, this is not always true, for, depending on 
the wavelength, some compounds not only show a decrease in rotation 

1 Kuhn, Ber., 66, 166 (1933). 
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but may even show a reversal of sign. For example, dextro-camphor in 
hexane with 3200 A shows a maximum rotation to the right, but with a 
wavelength of 2900 A it shows approximately as great a levorotation. 

Temperature and also the concentration may affect the rotation. An 
excellent illustration of this is seen in the results obtained with D-tartaric 
acid, as given in Table 61. 1 

TABLE 61 

Effect of Temperature and Concentration on Rotation of 

Tartaric Acid 


Concentration of Acid, 

Specific 

Rotation 

Per Cent 

0° 

100° 

10 

+9.95 

+23.79 

20 

8.66 

21.48 

40 

5.45 

17.50 


An elevation in temperature does not always increase the rotation. 
For example, dextro-aspartic acid at 20° has a specific rotation (D line) 
of +4.36°; at 75° it is 0; at 90° it is -1.86°.* 

The solvent also may affect the observed rotation. The results, for 
example, of 5 per cent D-tartaric acid in various solvents are given in 
Table 62. 3 


TABLE 62 


Rotation of d-Tartaric Acid (5 Per Cent) in Various Solvents 
Solvent Specific Rotation, 20°, D Line 


Water 

Ethanol 

Ethanol-benzene, 1:1 
Ethanol-toluene, 1:1 
Ethanol-chlorobenzene, 1:1 


+ 14.40 
+3.79 
-4.11 
-6.19 
-8.09 


The effects of the solvent may be correlated with the dipole moments. 4 

Rotatory values are also influenced by other factors such as dissocia¬ 
tion, association, etc. (See Table 63.) It becomes abundantly evident, 
therefore, that the optical rotation of any given compound may be quite 
meaningless as a characteristic constant unless the conditions under 
which that value was obtained are also specified. Suffice it to say that 
the varied results are not caused by any change in spatial arrangement 
of the molecules being studied. 


»Gilman, Organic Chemistry, John Wiley and Sons, New York, 1943, p. 291. 
• Cook, Ber., 30, 294 (1897). 

»Pribram, Ber., 22, 6 (1889). 

« Rule el al., J. Chem. Soc., 2332 (1932). 
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RELATIVE CONFIGURATION 

It has been impossible as yet to establish the absolute configuration of 
any asymmetrically constructed molecule. Thus far, the scientist has 
had to be content with relative configurations. For this purpose it has 
been necessary to adopt arbitrarily some point of reference in terms ot 
which all other configurations may be expressed. This reference stand¬ 
ard is glyceric aldehyde, CH,OH-CHOH-CHO, for which two space 
models may be constructed: 



One of these must represent the dextrorotatory aldehyde and the other 
the levorotatory enantiomorph. Since absolute configuration cannot 
be established, that shown in III is arbitrarily selected to represent the 
dextrorotating isomeride, leaving IV to represent the levo. This arbi¬ 
trary choice goes back originally to Emil Fischer’s work on the sugars 
and is based on the configuration of carbon atom number 5 of glucose. 

CHO 1 

I 

H—C—OH 2 

I 

HO-C-H 3 

I 

H—C—OH 4 

I 

H-C-OH 5 

I 

CHiOH 6 

GIucom 

With the isomeric glyceric aldehydes as a starting point, it now be¬ 
comes possible to establish the configurational relationships of many 
optically active compounds. All those derived configurationally from 
dextro-glyceric aldehyde are members of the d- series and, similarly, all 
derived from the levo-aldehyde belong to the l- series. For example, the 
aldehyde group may be oxidized to the carboxyl; the space models for 
the aldehydes and acids are indicated. 
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» (-)-Glyceric acid o (+) -Oljceraldebyd© t (+)-01jcertc acid 

The actual specific rotation of the acid from D-glyceraldehyde in aqueous 
solution, however, is counterclockwise 2°, that is —2°; yet because of 
its configurational relationship to the standard it is a member of the 
D- series. By the same token VI represents L-glyceric acid even though 
its rotation is to the right. This may at first appear anomalous and 
contradictory to have the levorotating compound in the d- series and the 
dextro-isomeride in the l- series. But the apparent conflict will resolve 
itself if one keeps in mind that the prefixes d- and l- signify relative 
configuration in terms of the glyceric aldehydes. 

Unfortunately, this usage has not been adopted as universally and uniformly as it 
should be. Often the d- and w- are still employed to denote direction of rotation; this 
is especially true in referring to the more complex compounds. It is to be hoped that, 
for consistency and uniformity, the newer practice recommended by the Committee 
on Nomenclature, Spelling, and Pronunciation of the American Chemical Society 1 
will be generally adopted. 

In order that the optical rotation may also be indicated the (-{-) and ( —) 
characters, in parentheses, are used; the (+) sign denotes clockwise or 
dextro-rotation, the ( —), counterclockwise or levorotation. Thus to 
indicate both the relative configurations and the rotations they are 
called d (— )- and l(+) -glyceric acids, respectively. 

Chemical Methods of Determining Relative Configuration. The 
relative configuration of other stereoisomeric compounds is determined 
by interconversion with glyceric aldehyde or with compounds already 
established relative to these standards. Examples are: 

(4-)-Tartaric acid may be converted into (+)-malicacid; this may be 
degraded to (4-)-/3-amino-a-hydroxypropionic acid; this, in turn, may 
be converted into d (— )-glyceric acid or into ( —)-/3-bromo-a-hydroxy- 
propionic acid; the latter may be reduced to ( — )-lactic acid. Since the 
relative configurations of D(-)-glyceric acid and D(+)-glyceraldehyde 
are reference standards, the configurations of the other compounds can 
be shown to be that of the d- series. 


1 Chem. Eng. News, 25 , 1363 ( 1947 ). 
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may conceivably appear in metabolism or other biological process, it will not be 
further mentioned. In the illustrations given here the effects of a Walden inversion 
have been taken into consideration. 

Optical rotation is no clue to relative configuration. This may be 
appreciated not only from what has been said but from many other 
facts. As an example, Levene and Rothen give an excellent summary 
of the effect of various substituents and of the relative point of attach¬ 
ment to an asymmetric carbon atom. 1 It is found that in compounds 
of the structure indicated, all belonging to a single configurational series, 
the direction and magnitude of rotation changed as the size of one of the 
substituents was increased in an homologous manner. Part of their 
results are summarized in Table 63. This table is based on the assumed 
configuration: 


H 



Physical Methods. To correlate further relative configurations, use 
has been made of certain regularities which have appeared; these have 
led to the formulation of certain rules which are of considerable assist¬ 
ance. The three most important rules may be briefly stated. 2 

Rule 1. Analogous compounds of similar configuration undergo like 
shift in rotation when similar substituents are introduced into the corre¬ 
sponding groups attached to the asymmetric molecule. 

Rule 2. The rotatory effect of similarly constructed molecules of iden¬ 
tical series varies in like manner on change in temperature, dilution, 
additions of neutral salts, etc. 

Rule 3. If the rotation of an acid on conversion into its amide or 
phenylhydrazide is displaced toward the right, the acid belongs to the 
d- series. Conversely, if the displacement is toward the left, the acid 
belongs to the l- series. 

These rules have proved very useful in correlating the amino acids 
with the corresponding hydroxyacids. Although it is simple to replace 
an amino group with an hydroxyl, it is difficult to know whether or not 
a Walden inversion occurs. By applying rule 1, however, evidence 

1 Levene and Rothen, J. Org. Chem., 1, 76 (1936). 

* Freudenberg, Brauns, and Siegel, Ber., 56, 193 (1923). 
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TABLE 63 


Rotation or Compounds of Type CHRjRaR, 


Ri 

Ra 

R, 

Maximum Rotation 
degrees 

-CH, 

-CA 

—n-C«H, 

-11.4 

-CH. 

—n-C^7 

—n-C«H, 

- 1.7 

-CHi 

—n-C«H, 

—n-C«H, 

0 

-CH, 

-n-CJIu 

-n*C«Hi 

+ 0.86 

—C,H» 

-OH 

-CH, 

-10.3 

—CiHi 

-OH 

—n-CjHa 

+ 4.2 

-C,H, 

-OH 

—n-C«H, 

+ 9.4 

—C,H* 

-OH 

—*-C,Ht 

-16.7 

—n-CjHj 

-OH 

-vCJHt 

-27.1 

-n-CiHj 

-OH 

—i-C,H, 

+16.3 

-C,H, 

-OH 

-C.H, 

-39.4 

—CiH, 

-OH 

-CiHn (cyclo) 

-11.5 

—C«Hi 

-OH 

-n-CJIu 

+11.6 

-CH, 

-COOH 

—n-C«H, 

+24.3 

-CH, 

-CHaCOOH 

—n-C«H» 

- 6.1 

-CH, 

-CH,CH,COOH 

—n-C«H, 

+ 4.1 

-CH, 

-CHaCH,CHaCOOH 

—n-C«H, 

+ 1.7 


points to the fact that (+)-alanine has the same configuration as (+)- 
lactic acid. Hence, (+)-alanine, the one which occurs naturally, be¬ 
longs to the l- series. The data on which this conclusion is based are 
given in Table 64. 1 

TABLE 64 


Derivatives of (+)-Alanine and of (+)-Lactic Acid 


Derivative 

Molecular Rotation, degrees 

(+)-AJanine 

(+)-Lactic Acid 

Amide of benzoyl derivative 

-29 

-36 

Ethyl ester of benzoyl derivative 

+ 3 

+10.5 

Methyl ester of benzoyl derivative 

0 

+ 7.5 

Ethyl ester of hexahydrobenzoyl derivative 

-19 (±4) 

-15 

Ethyl ester of acetyl derivative 

-22 

-25 

Amide of toluenesulfonyl derivative 

-26 

-28 (±3) 

Ethyl ester of toluenesulfonyl derivative 

-26 

-39 


1 Freudenberg and Rhino, Ber. t 57, 1547 (1924). 
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|t(—) Asparagine 


*■(+) Glutamic 
acid 




1 


Rotation 


By applying a combination of the other rules, it has been possible to 

establish that all the natural amino 
acids, regardless of direction of rotar 
tion, belong to a single series. In 
the presence of strong acids and of 
strong alkalies, for example, the ro¬ 
tatory values of the amino acids vary 
markedly at that point where the 
zwitterion is converted into the alkali 
salt of the amino acid or into the sub¬ 
stituted ammonium salt of the min¬ 
eral acid. As a typical illustration, 
the experimental values with l( - )-asparagine and l(+ )-glutamic 
acid are given in Table 65. The same data are given graphically in 
Curve 1. It will be observed that in general the curves are similar; 
that for L(-|-)-glutamic acid is shifted farther to the right. Analogous 


CURVEl 


TABLE 65 

The Effect of Acid and of Alkau on the Rotation of 
l(-)-Asparaoine and of l( + )-Glutamic Acid 


A//10 l- Asparagine with 

MB 

A//10 is-Glutamic Acid with 

MB 

0 eq. 

NaOH 

¥331 

0 eq. 

NaOH 

+ 11.5 

0.1 

NaOH 

tliil 

0.33 

NaOH 

+ 5.7 

0.5 

NaOH 

- 7.3 

0.5 

NaOH 

+ 1.8 

1 

NaOH 

- 9.3 

1 

NaOH 

- 6.5 

2 

NaOH 

- 9.3 

2 

NaOH 


4 

NaOH 

- 8.6 

3 

NaOH 

+ 10.27 

10 

NaOH 


10 

NaOH 

+10.96 

30 

NaOH 


0.1 eq. 

HC1 

+ 13.1 

0.1 eq. 

HC1 

- 2 

1 

HC1 

+28.08 

1 

HC1 

+20 

2 

HC1 

+31.5 

2 

HC1 

+25.3 

3 

HC1 

+31.5 

3 

HC1 

+27.3 

10 

HC1 

+31.95 

10 

HC1 

+28.3 




30 

HC1 

+30 





data from an acid of the d- series would give a similar curve but 
inverted, that is, as if the curve from the l- acids were being viewed in 
a mirror. 1 

By proceeding along the lines indicated and comparing the amino 
acids with each other it has been possible to establish that all of them 

1 Lutz and Jirgensons, Ber., 62, 1916 (1929); 63, 448 (1930). 
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are members of the l- series. Their general space formula then becomes, 



in which R represents the remainder of the molecule other than the car- 
boxy and the a-carbon atom. 

Racemic Modifications. If equal amounts of an enantiomorphic pair 
are present, it is obvious that no optical rotation will be possible. The 
rotatory effect of one isomeride in one direction will be neutralized by 
that of the other in the opposite direction. Such a system is called a 
racemic modification. 



In liquids, only one type of racemic modification is encountered, namely, 
a mixture of equal amounts of the two enantiomorphs. When the liquid 
solidifies, however, it may crystallize in one of three ways: 

1. The enantiomorphs may unite to form a molecular compound with 
all crystals composed of equal amounts of each isomer. This is known 
as a racemic compound and its melting point is depressed by the addition 
of a small amount of either optically active component. 

2. The enantiomorphs may form a mixture, the eutectic point requir¬ 
ing equal amounts of the two isomerides. This is known as a racemic 
mixture; its melting point rises when either isomer is added. 

3. The enantiomorphs may be isomorphous and crystallize together 
as a solid solution without the formation of a solid compound. 

The process of converting an optically active compound into its opti¬ 
cally inactive modification, containing equal amounts of the optically 
active components, is called racemization. It involves the establish¬ 
ment of an equilibrium mixture between the stereoisomeric configura¬ 
tions and thereby effects external compensation. The mechanism by 
which racemization takes place is not always clear; but where tautomer- 



Although the intermediate represented by VIII may exist to only a very 
limited extent, it does enable an equilibrium to be established in a dy¬ 
namic system. 

Diastereoisomerism. It is possible on a purely theoretical basis for 
a compound to have more than one center of asymmetry. For a com¬ 
pound with two asymmetric carbon atoms, the following general formu¬ 
las come into consideration: 



?n xm 

XIII is the mirror image of X. In XI and XII only one carbon atom 
in each is the mirror image of X. On the other hand, XI and XII are 
mirror images of each other and are enantiomorphs. 

If it is assumed that in one of these, e.g., that represented by X, both 
carbon atoms rotate plane polarized light in the same direction to the 
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right, then this configuration produces maximum dextrorotation. By 
the same token, XIII represents the configuration with greatest levo- 
rotation, the magnitude for the two being equal. 

If this argument is followed further, then in the isomers represented 
by XI and XII there is one center which produces levorotation and the 
other dextrorotation, but the experimentally observed value will de¬ 
pend, both for magnitude and direction, on which center produces the 
greater rotational effect. Where the effect of the two is equal, the 
summation will be zero; such a compound is said to be internally com¬ 
pensated and is called a meso compound. 

To distinguish the mirror-image relationship as seen in X and XIII 
(or XI and XII) from the space isomerism which does not exhibit such 
mirror-image isomerism, e.g., as between the pairs X-XIII and XI-XII, 
the word diastereoisomerism is employed. Thus, although X and XIII 
(or XI and XII) are enantiomorphs, X and XI or XII are diastereo- 

isomers. 

Diastereoisomers differ from each other in many respects. They may 
show different optical activities both as to magnitude and sometimes 
direction; they have different melting points, solubilities, densities, etc. 
Since they possess the same functional groups, it is to be expected that 
they will exhibit the same types of chemical reaction, but they may vary 
in their rates of reaction. In their physiological behavior, diastereo¬ 
isomers frequently show considerable variation in quantitative responses 
and, as shown later, they may differ in their qualitative biological re¬ 
sponses. 

Nature abounds with examples of diastereoisomerism, the best known 
and most intensively studied being, perhaps, the simple sugars. Ex¬ 
amples of such isomerism are given of the four aldotetroses, ephedrine, 
and tartaric acid. 

Instead of continuing the use of space diagrams, conventional projec¬ 


tion formulas will be employed. As a rule 
will be written as q 

I 

Ri—C—R* 

I 

R* 

where 0 represents the substituent most highly oxidized, e.g., the 
—CHO in aldoses, the —COOH in acids, etc. 
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1. Aldotetroses: 


CHO 

I 

CHO 

i 

CHO 

1 

H—C—OH 

i 

CHO 

i 

H—C—OH 

1 

HO—C—H 

i 

1 

HO—C—H 

i 

| 

H—C—OH 

1 

ch 2 oh 

1 

H—C—OH 

1 

CH 2 OH 

1 

HO—C—H 

1 

CH 2 OH 

1 

HO—C—H 

1 

ch 2 oh 

D-Erythrose 

o-Threose 

b-ThreoM 

LrErythrose 

. Tartaric acids: 
COOH 

1 

HO—C—H 

1 

H-C—OH 

COOH 

i 

COOH 

i 

COOH 

1 

H—C—OH 

1 

HO—C—H 

i 

| 

H—C—OH 

i 

| 

H—C-OH 

1 

HO—C—H 

i 

1 

HO—C—H 

| 

COOH 

| 

COOH 

1 

COOH 

| 

COOH 

i/-Tartario acid 

muo-Tartario acid 

ivTartaric acid 

m.p. 170° 


140° 

170° 

Md =■ “ 15-06* 

» 

0 

+ 15.06° 


3. Ephedrines: 

C*Hs 

I 

HO—C—H 

I 

CHs—NH—C—H CH; 

I 

CH 3 


C*H 6 


C*H* 


H—C—OH HO—C—H 

I I 

NH—C—H H—C—NH—CHj H 


I 

CH 3 


CH S 


CeH 6 

I 

H—C—OH 

I 

C—NH—CH 3 

I 

CH 3 


The observer should be between the two asymmetric centers 

(->-Ephedrine (+W-Ephedrine (->-*-Ephedrine (+>-Ephedrine 


m.p. 34-40° 118° 

la]?? for hydrochloride: 

-35° +62.5° -62.5° +35° 


The relative configuration about the hydroxyl-bearing carbon atom was estab¬ 
lished by the synthesis of (- )-ephedrine from d( —)-mandelic acid and was placed 
in the d- series. 1 

The relative configuration about the methylamino-bearing carbon atom was 
established by the synthesis of some of the ephedrine isomers from optically active 
alanine, and it was placed in the b- series. 1 

1 Freudenberg, Schoeffel, and Braun, J. Am. Chem. Soc., 54, 234 (1932). 

1 Freudenberg and Nikolai, Ann., 510, 223 (1934). 
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The racemization of (- J-ephedrme results in the formation of an equilibrium nux- 
ture with the diastereoisomeric (+)-V-ephednne; that is, there is an Umklappen 
(a shift around) of the hydroxyl group. 

The introduction of further centers of asymmetry increases the num¬ 
ber of possible diastereoisomers. For example, with three asymmetric 
carbon atoms the following possibilities appear: 



1 and 2 are mirror images and form a racemate. 
3 and 4 are mirror images and form a racemate. 
5 and 6 are mirror images and form a racemate. 
7 and 8 are mirror images and form a racemate. 


With 4 asymmetric carbon atoms in a molecule, 16 optically active 
isomers and 8 racemic mixtures are possible. As the number of asym¬ 
metric centers in the molecule increases, the number of optically active 
isomers possible is 2" where n is the number of asymmetric carbon atoms. 
The number of racemic modifications is half that number. The aldoses 
are an excellent illustration of these considerations, as shown in Table 66. 

In Table 66 the indicated structures for the aldohexoses are those 
assigned according to the classical work of Emil Fischer. It should not 
be forgotten that these compounds may assume an inner, cyclic hemi- 
acetal structure (page 168) with the formation of an additional asym¬ 
metric carbon atom, giving rise to the a- and 0- sugars, especially in 
solution. In glucose, for example, with the aldehydic carbon atom 
shown in space diagrams, the possibilities become: 



a-D-Glucosc d-G lucose /J-D-Glocoee 

[al +19.8* « + 1W * 

Equilibrium mixture [a] + 53 
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TABLE 66 

Structural Relationships of the d-Aldoses 

CHO 

I 

H-C—OH 




I 

CHjOH 

D-Glyceric aldehyde 


CHO 

I 

H-C-OH 

I 

H-C-OH 

CHjOH 

D-Erythroee (syrup) 


\ 


CHO 


HO—C—I 


H-C-OH 

I 

CHjOH 

D-Threoee 


W?" 

«/ 

-JLS* 

\ 

S 

\ 

CHO 

1 

H-C-OH 

1 

H-C-OH 

1 

H-C-OH 

1 

CHjOH 

CHO 

1 

HO-C-H 

| 

CHO 

1 

HO-C-H 

| 

CHO 

1 

H-C-OH 

1 

HO-C-H 

1 

H-C-OH 

1 

H-C-OH 

HO-C-H 

1 

H-C-OH 

1 

CHjOH 

1 

H-C-OH 

1 

CHjOH 

CHjOH 

D-Ribose 

D-Arabinoee 

D-Lyxoee 

D-Xylose 

1-1D " -W-®* 

-105.1° 

-18.8° 

+18.8° 

mp. - 85-7° 

158.5° 

88° 

141.5° 

\ 

,/ \ 

✓ \ 

s \ 

CHO CHO 

CHO CHO 

CHO CHO 

OHO CHO 

1 1 

l i 

1 1 

1 1 


H—C—OH HO—C—H HO—C—H H-C-OH H-C-OH HO-C-H H-C-OH HO-C-H 


H-C-OH H-C-OH HO-C-H HO-C-H 

I I I I 

H-C-OH H-C-OH H-C-OH H-C-OH 


H-C-OH 


I 


HO-C—H HO-C—H 

I I I I 

HO-C-H HO-C-H HO-C-H HO-C—H 

I I I I 


H-C-OH 

1 

CHjOH 

D-AUose 

H-C-OH 

1 

CHjOH 

D-Altroso 

H-C-OH 

1 

CHjOH 

d-Muumm 

H-C-OH 

| 

H-C-OH 

1 

CHri)H 

D-Calactose 

H-C-OH 

1 

CHjOH 

D-Talose 

(eyrup) 

H-C-OH 

| 

H-C-OH 

1 

CHjOH 

D-Idose 

(eyrup) 

CHjOH 

D-Oluoose 

CHjOH 

o-Gulose 

(eyrup) 

m-p. 


132 

146 . 

. 165.5 


• 


w§- 


14.25 

52J 

82 

13.85 

-20.4 

—7.5 


Sped Go Rotations of Equilibrium between <*- and &- Isomer 

It is calculated that in the equilibrium mixture there is present approximately 
38 per cent of the a-n-glucose and 62 per cent of 0-n-glucose. This indicates that 
the kinetics in the equilibrium system favor the formation of the 0 -isomer. 
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The rotatory values given for the various aldoses m Table 66 are for 

the equilibrium in solution of the a- and 0- forms. 

The spatial relationships indicated in Table 66 find confirmat.on in 

the following observed facts.' . , . .. , , . 

1. The configuration for D-glyceraldehyde is arbitrarily selected as 


already indicated. ... . • , 

2. From D-glyceric aldehyde, L-tartanc acid may be synthesized 


CN 

I 

CHO HO—C—H 

I I 

H—C—OH —► H—C—OH 

I I 

CHjOH CHjOH 

D-Glyceraldehyd® 


COOH 

I 

HO-C-H 

I 

H-O-OH 

I 

COOH 

i/-Tfcrtaric acid 


3. D-Threose may be reduced to L-erythritol: 

CHO CH 2 OH COOH 

I I I 

HO-C-H HO-C-H HO-C-H 

I I I 

H—C—OH —► H—C—OH —► H-C-OH 

I I I 

CH 2 OH CH 2 OH COOH 

D-ThreoM u-Erythrilol i^Tartaric acid 

If in the tetrahydroxybutane, the two asymmetric carbon atoms do 
not rotate in the same direction, the molecule must be internally com¬ 
pensated, the meso form. L-Erythritol may be oxidized to L-tartaric 
acid as indicated. 

4. The proof for the configurations of d- and L-erythrose depends on 
the degradation products of arabinose. These are given under item 11. 

5. Aldopentoses, with three asymmetric carbon atoms, may exist 
in eight stereoisomeric configurations, of which four belong to the d- 
series. The pairs are known as d- and L-ribose, d- and L-arabinose, d- 
and L-xylose, and d- and L-lyxose. 

6. D-Xylose may be degraded to D-threose; this establishes the rela¬ 
tive configuration of two carbon atoms. D-Xylose may also be oxidized 
to a trihydroxyglutaric acid which is optically inactive, nonresolvable, 
and internally compensated. These facts can be reconciled with only 

1 For a concise, lucid, and enlightening history of the determination of configura¬ 
tion in the sugar series see Hudson, J. Chem. Education , 18, 353 (1941). 
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one configuration: 


COOH 

I 

H—C-OH 

I 

HO—C—H 

I 

H—C—OH 

I 

COOH 


xneao-Trihydroxyelutaric acid 
(optically inactive) 


CHO 

I 

H—C—OH 

I 

HO—C—H 

I 

H—C-OH 

I 

ch 2 oh 

P-Xyloee 


CHO 

I 

HO-C—H 

I 

H—C—OH 

I 

CH 2 OH 

D-Threose 


The degradation of a sugar is effected as follows: The aldose oxime is heated with 
acetic anhydride, which acetylates the hydroxyl groups and converts the oxime into a 
nitrile; treatment with ammoniacal silver solutions removes the acetyl groups as 
acetamide and the nitrile group as ammonium cyanide, leaving a 6Ugar with one less 
carbon atom. 


7. D-Xylose and D-lyxose form the same osazone; hence, these two 
sugars are epimeric, i.e., they, differ only in the configuration about the 
carbon atom alpha to the aldehyde group. 

CHO 

1 

H—C=N—NHCeH 6 

CHO 

1 

HO— C—H 

| 

C=N—NHC ft H 6 

| 

' H-C—OH 

| 

HO-C—H - 

1 

| 

— ► HO-C—H + — 

1 

H-C—OH 

| 

HO—C—H 

1 

H—C-OH 

1 

H—C—OH 

1 

1 

CH 2 OH 

p-Lyxoso 

| 

CH2OH 

OsaxoDO 

| 

CH2OH 

p-Xyloso 


8. D-Lyxose on reduction forms D-arabitol, a pentahydroxypentane 
also obtained by the reduction of D-arabinose. In D-arabinose and 
D-lyxose, however, the —CH 2 OH and the —CHO groups must be 


reversed. 

CHO 

1 

CH 2 OH 

CHO 

1 

HO—C—H 

1 

| 

HO—C—H 

1 

| 

HO—C—H 

1 

HO—C—H — 

■ 

1 

->• HO—C—H 

1 

H—C—OH 

| 

— H-C—OH 
| 

1 

H—C—OH 

1 

H—C—OH 

1 

CH 2 OH 

| 

CH 2 OH 

| 

ch 2 oh 

p-Lyxose 

D-Arabitol 

p-Arabinose 
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9. L-Arabinose and L-ribose form identical osazones; D-ribose and 
D-arabinose also form the same osazone and are epimers. 


CHO 

CH=N—NHC«H s 

CHO 

| 

1 

HO—C—H 

| 

C=N—NHC«Hs 

I 

H—C—OH 
| 

1 

H—C-OH — 

1 

-*■ H—C—OH * 

I 

— H—C—OH 
| 

1 

H—C—OH 

1 

H—C—OH 

1 

CH 2 OH 

Osaione 

H—C—OH 
| 

1 

CH 2 OH 

D-Arabinooe 

CH 2 OH 

D-Riboae 


10 Both d- and L-ribose on reduction form adonitol, optically inactive 

and nonresolvable; on oxidation they form the internally compensated 

ribotrihydroxyglutaric acid. ... , 

11. L-Arabinose may be degraded to L-erythrose; this establishes the 

configuration of these aldotetroses, since D-erythrose is the mirror image 
of the L-isomer. 


CHO 

1 

HO—C—H 

1 

CHO 

| 


H—C—OH 
| 

CHO 

| 

1 

H-C—OH 

1 

HO—C—H 

1 

HO-C-H 

HO—C—H 
| 

1 

H—C—OH 

1 

ch 2 oh 

D-Arabinoso 

HO—C—H 
| 

| 

ch 2 oh 

u-Arabiooeo 

ch 2 oh 

b-Erythrose 


CHO 

I 

H—C—OH 

I 

H-C-OH 

I 

ch 2 oh 

D-Erythrose 


12. In the aldohexoses, with 4 asymmetric carbon atoms, 16 stereo¬ 
isomers are possible. The names and configurations of the d- series are 
given in Table 66; the l- series is also completely known. 

13. D-Mannose and D-glucose may be degraded to D-arabinose. They 
also form the same osazone. Hence, D-glucose and D-mannose are 
epimeric. 

14. L-Gulose and L-idose form identical osazones; therefore, they are 
epimeric. In like manner D-gulose and D-idose are epimeric. 

15. The same dibasic tetrahydroxyadipic acid (D-saccharic acid) may 
be obtained from L-gulose and D-glucose. This indicates that in these 
two sugars, the positions of the terminal —CHO and —CH 2 OH groups 
are reversed with respect to each other. 
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CHO 

I 

HO—C—H 

I 

HO—C—H 

I 

H—C-OH 

I 

H—C—OH 

I 

CH 2 OH 

D-Mannose 

COOH 

I 

H—C—OH 

I 

HO—C—H 

I 

H—C—OH 

I 

H—C—OH 


COOH 

D-Saccbaric 

acid 


CHO 

I 

HO—C—H 

I 

H—C—OH 

I 

H—C—OH 

I 

ch 2 oh 

D-Arabinoee 

CHO 

I 

HO—C—H 

I 

HO—C—H 

I 

H—C—OH 

I 

HO—C—H 

I 

CHiOH 


CHO 

I 

H—C—OH 

I 

HO—C—H 

I 

H—C—OH 

I 

H—C—OH 

I 

ch 2 oh 

D-Glucoee 

ch 2 oh 

I 

H—C—OH 

I 

or HO—C—H 

I 

H—C—OH 

I 

H—C—OH 

I 

CHO 

ty-Guloae 


If the terminal groups in the structure of D-mannose were reversed, 
the configuration of the molecule as a whole would be unchanged. 

16. It follows, then, that the structures for D-gulose and D-idose are 
as indicated in Table 66. 

17. D-Galactose may be degraded to D-lyxose. On oxidation D-gar 
lactose forms mucic acid, a tetrahydroxyadipic acid, optically inactive 
and nonresolvable. Epimeric with D-galactose is D-talose, which may 
be oxidized to talomucic acid, an optically active tetrahydroxyadipic 
acid. These observations are explained on the basis of the assigned 
formulas. 


COOH 

I 

H—C—OH 

I 

HO—C—H 

I 

HO—C—H 

I 

H—C-OH 

i 

COOH 

Mucic acid 


CHO 

I 

H—C—OH 

I 

HO—C—H 

I 

HO—C-H 

I 

H—C—OH 

I 

CH 2 OH 

i>-Galactoee 


CHO 

I 

HO—C—H 

I 

HO—C—H 

I 

H—C-OH 

I 

CH 2 OH 


CHO 

I 

HO—C—H 

I 

HO—C-H 

I 

HO—C—H 

I 

H—C-OH 

I 

CH 2 OH 

D-Taloae 


COOH 

I 

HO—C—H 

I 

HO—C—H 

I 

HO—C—H 

I 

H—C—OH 

I 

COOH 

D-Talomudc acid 
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18. D-Allose and D-altrose are epimers. They may be built up from 
D-ribose by means of the cyanohydrin synthesis. D-AItrose forms the 
same tetrahydroxyadipic acid as that obtained from D-talose; hence, 
in D-altrose the four asymmetric centers have the same configuration 
as in D-talose, but the positions of the -CHO and -COOH groups are 
reversed. These relationships appear structurally as follows: 


CHO 


H-C-OH 

i 

CHO 

1 

H—C—OH 

1 

H—C—OH 

1 

H—C—OH 
| 

1 

H—C—OH — 

I 

1 

H—C—OH 

1 

CH*OH 

H-C-OH 

| 

ch 2 oh 

D-Alloflo 

i>-Ribose 


CHO COOH 

I I 

HO—C—H HO—C—H 

I I 

H—C—OH H—C—OH 

I I 

H—C—OH —*■ H—C—OH 

I I 

H-C—OH H—C—OH 

I I 

CHjOH COOH 

D-AltroM D-Talomucic acid 


Physical and Chemical Differences between Diastereoisomers 

Diastereoisomers, although composed of identical structural elements, 
are different chemical compounds. It is only natural therefore, to expect 
variations in physiological responses, both qualitatively and quantita¬ 
tively. 

Evidence will be given showing the differences in physical and chemi¬ 
cal properties of diastereoisomers. No proof is available yet to indicate 
how these properties may affect physiological activity and, consequently, 
the following information may at first glance appear heterogeneous and 
unrelated; it is given primarily to emphasize the fact that diastereo¬ 
isomers are not identical compounds. Since structural isomers may 

show wide variations in biological behavior, it need not come as a total 
surprise to find analogous differences in space isomers. 

Light Absorption. One would assume, a priori, that in diastereo¬ 
isomers of the type formulas shown that the rotatory effect of the upper 
carbon atom in the two models would be identical in magnitude and of 
the same sign, and that the effect of the two lower carbon atoms would 

b b 

I I 

a —C —d a —C —d 

I 

e —C— g 


g —C—6 

I 

/ 


/ 
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be of the same magnitude but of opposite sign. If this were true, then 
it should be possible to select groups of diastereoisomers for which the 
summation of rotatory effect should be zero. For example, with four 
asymmetric carbon atoms the system might be considered: 


+a 

+a 

— a 

— a 

— b 

+6 

+b 

-6 

+c 

—c 

+c 

— c 

+d 

-d 

-d 

+d 


This system is found in the four hexonic acids: 

COOH COOH COOH 

I I I 

H—C—OH HO—C—H HO—C—H 

I I I 

H—C—OH H—C—OH HO—C—H 

I I I 

HO—C—H H—C—OH HO-C—H 

I I I 

HO-C—H HO-C—H H-C—OH 

I I I 

ch 2 oh ch 2 oh ch 2 oh 

iz-Mannonic acid i^Galactonie acid D-Talonic acid 

+1* +24* +33* 

The summation of rotation is +45° and not 0° as might be expected. 
Hence, the assumption indicated is not valid. Instead, it appears that 
the configuration about one asymmetric carbon atom may be influenced 
by the asymmetry of a neighboring carbon atom. In agreement with 
this is the observed difference in the absorption bands between the active 
and the mesotartaric acids. 1 •* 

Adsorption. An optically active adsorbent may select preferentially 
one isomer from a racemic mixture; or an optically inactive adsorbent 
may show greater activity toward one diastereoisomer than toward 
another. 

Wool will adsorb preferentially one isomer from a racemic mixture of dyes.* 
However, attempts by others to verify these results have proved unsuccessful. 4 

From solutions of the same concentration aluminum hydroxide will adsorb approxi¬ 
mately 50 per cent more of racemic tartaric acid than of the meso acid. 6 

1 For a more complete discussion of these phenomena see Kuhn, Freudenberg, 
and Wolf, Ber., 63, 2367 (1930). 

* For further evidence in cyclic compounds with three asymmetric carbon atoms 
see Read, Trans. Faraday Soc., 26, 441 (1930). 

* Porter and Ihrig, J. Am. Chem. Soc., 45, 1990 (1923). 

4 Brode and Brook, J. Am. Chem. Soc., 63, 923 (1941). 

6 Dumanski and Jakowlew, Kolloid-Z., 48, 155 (1929). 


COOH 

I 

H—C—OH 

I 

HO-C—H 


H—C—OH 



CH 2 OH 

D-Gluconic acid 
(a) M /100 -13* 
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Solubilities. So many examples of the differences in solubilities of 
diastereoisomers are known that it is impossible to call attention to all 
of them. One need only mention that this variation is most frequently 
employed in the resolution of racemic substances. For example, 
(+)A(— )A may be a racemic modification; on reaction with (-f-)B, 
two diastereoisomers are formed: 

( + )A(-)A + 2(+)B —(+)A(+)B + (-)A(+)B 

of which one is, as a general rule, more soluble in a given solvent than 
the other, thus allowing them to be separated by fractional crystalliza¬ 
tion or fractional solution. Pure (-)A and (+)A may then be re¬ 
covered from these two fractions. 1 

Salts of the four isomeric ephedrines with optically active acids form 
an interesting series. With (-)-mandelic acid, for example, the solu¬ 
bility of the salts increases in the following order: 

( —)-cphcdrine ( — )-mandelate 
(+)-cphedrine ( - )-mandelate 
( + )-pseudo-ephedrine (— )-mandelate 
( —)-pseudo-ephcdrine ( —)-mandelate 

The physiological activities of the ephedrine isomers, when measured 
by the rise produced in blood pressure, decreases in the same order. 
Whether there is a mathematical parallelism between the two phe¬ 
nomena has not been established. 

Crystalline Structure of Solids. The first example is the mirror- 
image relationship of the sodium ammonium tartrates, studied by Pas¬ 
teur, which marks the beginning of the scientific study of the optical 
activity of organic molecules. Another example, also reported by 
Pasteur, 2 is the tartaramide-malamide complexes. ( + )-Tartaramide 
combines rapidly with ( — )-malamide, 1 : 1, to form large, transparent 
crystals, [a] = +43.02°, soluble 18 : 100 in water. ( — )-Tartaramide- 
(— )-malamide, also 1 : 1, forms small, silky needles, [a] = —134.15°, 
soluble more than 33 : 100 in water. Other examples are not very 
abundant. 

Density. (—)-Benzedrine (— )-mandelate has specific gravity 1.27. 
( —)-Benzedrine (+)-mandelate has specific gravity 1.19. 3 Cis-trans 
isomers of decahydronaphthalene (page 674) also have different densi¬ 
ties. 

Dielectric Constants. Winstein and Wood 4 have employed dielectric 

1 For a complete table on this method of resolution see Freudenberg, Stereochemie , 
p. 569 et seq. 

2 Pasteur, Ann. chim. phys., (3) 38, 465 (1853) through Freudenberg, p. 556. 

3 Jarowski and Hartung, J. Org. Chem., 8, 564 (1943). 

4 Winstein and Wood, J. Am. Chem. Soc., 62, 548 (1940). 
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values to distinguish between pairs of meso and racemic isomers and 
between the racemic erylhro and threo pairs of diastereoisomers. They 
report the following values: 


Substance 

Isomer 

« at 25° 

2,3-diacetoxybutane 

meso- 

6.644 


DL- 

5.10 

2,3-dibromobutane 

meso- 

6.245 


DD- 

5.758 

2-acetoxy-3-bromobutane 

Di^erythro- 

7.268 


Diz-threo- 

7.414 


Electrical Properties. The butylsulfonates of (-)- and ^-phenyl¬ 
alanine at 0.02 molar concentration in 95 per cent acetone develop a 
glass electrode potential of +100 mv; the salt of racemic phenylalanine, 
under identical conditions, develops a potential of less than +85 mv. 1 

Energy Content. Physical chemists and physicists apparently have 
not investigated the energy of formation, fugacities, entropies, etc., of 
diastereoisomers in which the asymmetric carbon atoms are in the open 
chain of the molecules. However, in the cis-trans isomers of cyclic com¬ 
pounds, as pointed out on page 668, different physical values of this 
nature have been observed. It should not prove unexpected to find 
differences also in diastereoisomers of the type discussed. 

Vapor Pressures. Volatile diastereoisomers may exhibit differences 
in vapor pressures. Racemic acids have been resolved by the fractional 
distillation of esters formed with optically active alcohols; racemic 
alcohols, esterified with optically active acids, likewise have been 
resolved. 

The ( — )-menthyl esters of DL-2-methylbutanoic acid and of dl-2- 
methoxypropanoic acid were vaporized through a 60-plate column. 
The esters of the dextrorotatory acids came over first. Accurate boil¬ 
ing-point determinations are still to be made, but it is estimated that 
the ester of the (+) acid boils at least 3° lower than the ester of the (—) 
acid. DL-Butanol-2 was partially resolved by fractionating the ester 
formed with active 2-acetoxypropanoic acid. 2 '* 

Solubilities in Optically Active Solvent. On shaking together ( —)- 
carvone, water and DL-mandelic acid, the aqueous layer became dextro¬ 
rotatory because of the unequal distribution of the (+) and ( —) acids 
between the water and the optically active organic solvent. 4 

Rates of Reaction. One of the components of a racemic mixture 
may react with an optically active compound at a faster rate than its 

1 Rask and Eckles, Am. J. Hygiene , 33, 86 (1941). 

* Bailey and Hass, J. Am. Chem. Soc., 63, 1969 (1941). 

»Hass, U. S. pat. 2,389,099; C.A., 40, 1539 (1946). 

4 Schroer, Ber., 65, 966 (1932). 
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isomer. In a mixture of diastereoisomers one of them may react more 
rapidly than the other with an optically inactive compound. Or one 
component of a racemic mixture may react more rapidly than its lsomer- 
ide with an optically inactive compound in the presence of an optically 
active catalyst. 


(+)- and (-)-Camphorcarbooic acids were decarboxylated at equal rates when 
heated with aniline. With (- )-nicotine the (+) acid decomposed at a rate about 13 
per cent faster than the (-) acid; and if nicotine was used w.th the n^add, the (+) 
component reacted about 8 per cent more rapidly.' MethylethyImalon.c ac.d decar¬ 
boxylated in the presence of brucine formed (- >- 2 -methy -butanoic acid _* 

During the esterification of m^mandelic acid with (-)-menthol the dextrorota¬ 
tory component of the acid reacts more rapidly; the esterification rate for the (-) 

acid is 0.897 that for the (+) acid. . . . 

A mixture of (-f)-neoisomenthol and ( + )-neomenthol was separated into its 
component fractions by means of partial esterification with 3,5-dinitrobenzoyl 
chloride. ( + )-Neoisomenthol reacted at a more rapid rate and could be separated 

M Secondary alcohols, particularly in the phenylmethylcarbinol series, react with 
acid anhydrides or chlorides with what seems to be stereospecificity in the presence 
of brucine or strychnine. 4 


Reactions with Enzymes. Enzymes, it will be recalled, are organic, 
biochemical catalysts. Although the structure of few enzymes is 
known, it is certain that they are built up from optically active frag¬ 
ments. Hence, enzymatic effects are a special case, discussed under 
rates of reaction. Many of the reactions have been extensively studied 
but only a few selected illustrations will be cited. 

The first indication that enzymes distinguish between optical isomers 
of a given compound was observed by Pasteur when he allowed a solu¬ 
tion of racemic ammonium tartrate to ferment. The solution at first 
became levorotatory; when this had reached a maximum, no ( + ) acid 
was present; then rotation slowly decreased. The ferment reacted 
more rapidly with the (+) acid, causing the solution to rotate counter¬ 
clockwise; the slow recession from maximum rotation indicates a slower 
reaction with the (—) acid. 

Equally classic are the observations of Emil Fischer on the fermenta¬ 
tion of sugars. 5 D-Glucose, but not L-glucose, is readily fermented by 
yeast. Emil Fischer also first distinguished between a- and /3-glycosides 
by enzymic methods. The a-glycosides are hydrolyzed by a-glycosidase 
(present in hops), and the 0-glycosides are hydrolyzed by 0-glycosidase 
(found in emulsin). 


1 Bredig and Fajans, Ber., 41, 752 (1908). 

* Marckwald, Ber. t 37, 1368 (1904). 
a Hiickel and Niggemeyer, Ber., 72, 1354 (1939). 
4 Wegler, Ann., 506, 77 (1933); 510, 72 (1934). 

6 Fischer, Z. physiol. Chem., 26, 60 (1898). 
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A pure strain of Penicillium glaucum cultured on various racemic 
acids was found to metabolize preferentially (— )-lactic acid, ( ■+• )-ethoxy- 
propionic acid, ( — )-glyceric acid, ( + )-malic acid, (-f )-ethoxysuccinic 
acid, (4-)-tartaric acid, and (+)-dimethoxysuccinic acid. 1 At the time 
there seemed to be little consistency, for it seemed that sometimes the 
organism preferred one direction of rotation and then the other. It is 
now known, however, that all these acids are configurationally related 
and belong to the d- series. 2 

Enzymes are active not only in degradation but also in synthetic 
reactions. If in syntheses an asymmetric center is formed, one con¬ 
figuration is frequently formed at the expense and even to the exclusion 
of its isomer. 

o-Methylcyclohexanone is reduced by hops to a dextro-rotating alcohol.* Ben- 
zoylformic acid, CJh-CO-COOH, is reduced in the presence of milk, hops, or beef 
liver to L-mandelic acid.* Benzaldehyde and hydrogen cyanide in the presence of 
emulsion form optically active mandclonitrilc.*-* 

The synthesis of ( - )-phenylacetylcarbinol during the fermentation of glucose in 
the presence of benzaldehyde has been mentioned under the synthesis of (-)-cphe- 
drine (see page 367). 7 


ASYMMETRIC SYNTHESIS 


The synthesis of exclusively or even predominantly a single configu¬ 
ration from a symmetrical intermediate is called total asymmetric syn¬ 
thesis. The production of a new center of asymmetry in a molecule 
that is already optically active is known as partial asymmetric synthesis. 

Attempts at total asymmetric synthesis have not been encouraging. 
This is not unexpected if the probabilities 8 are reckoned, for example: 


R' R' Y 


\ 

CX 

/ 



R 


\ / 

C 

/ \ 

R X—Y 


R' X—Y 

\ / 

+ C 

/ \ 

R Y 


The starting molecule is symmetrical and the mathematical probabilities 
favor equally the formation of both space modifications, that is, the 
racemic mixture of the two isomers. 

Partial asymmetric syntheses, however, are well known, for the con- 

1 McKenzie and Harden, J. Chem. Soc., 83, 424 (1903). 

2 Cf. Freudenberg, p. 684. 

* Akamatsu, Biochem. Z., 142, 188 (1923). 

4 Freudenberg, p. 584. 

6 Rosenthaler, Biochem. Z., 14, 238 (1908). 

* Krieble, J. Am. Chem. Soc., 35, 1643 (1913). 

7 Bockmuhl, Stein, and Ehrhart, U. S. pat. 1,962,476; C.A., 28, 4834 (1934). 
•Cf. Freudenberg, p. 584; Gilman, p. 224. 
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tinuation of natural living processes depends on them. The enzymic 
syntheses mentioned may be taken as illustrations. 


In the synthesis of optically active mandelonitrile, for example, it is postulated 
that emulsin and benzaldehyde form a complex in which the enzyme furaishes the 
asymmetric centers already present, and with which the hydrogen cyanide react* to 
form optically active cyanohydrin. 


Another example is seen in the Kiliani synthesis of the sugars. The 
addition of hydrogen cyanide to n-arabinose produced predominantly 
the nitrile of L-mannonic acid and only a very small amount of the epi- 


meric gluconic acid nitrile. 1 2 3 •* 

The formation of benzaldehyde cyanohydrin in the presence of quinine 
produces a (-) nitrile; in the presence of quinidine, a stereoisomer of 
quinine, the nitrile becomes dextrorotatory. 8 Likewise, in the presence 
of diethylamine “ anchored ” on cotton fiber, e.g., in diethylamino- 
cellulose, 61 per cent of the mandelonitrile formed is (+) and 39 per 
cent (-); but in the presence of the —N(CiHsh group not in conjunc¬ 
tion with an optically active carrier the racemic nitrile is obtained. 4 * 
The hydrogenation of /3-methylcinnamic ester with platinum oxide 
catalyst deposited on hydrocinchonidine salts formed 8-9 per cent 
(+)-/3-methyl-/3-phenylpropionic ester. 6 

During the catalytic hydrogenation of isonitrosopropiophenone the 
oximino group is first converted into an amino group; this creates an 
asymmetric center. Further reduction then converts the carbonyl 
into a carbinol group. Schematically the possible reduction products 
are represented as follows: 


C # H # —CO—C—CH a 
NOH 


;/ 

J,H $ —CO—(jJ—CH a 


IsoDl(ro«o- 

proplophcnooo 



¥ 

C # H-CO—C-CH, 

NH 9 (HC1) 

(-) 
hi 


c 4 h 6 h c,h s h c.h s h c 6 h 6 h 

[-C-C-CH, H-C-C-CH, H-C-C-CH a H-C-C-CH 3 

H6 NHj(HCI) OH NHj(HCl) d)H NH,(HC1) d)H NH 2 (HC1) 


(+1 (•+) 
IV 


(-) (+) 
v 


1 +) (-) 
VI 


(-) (-) 
VII 


1 Kiliani, Ber., 20, 339 (1887). 

2 Fischer, Ber., 23, 2611 (1890). 

3 Bredig and Fiske, Biochem. Z., 46, 7 (1912). 

4 Bredig and Gerstner, Biochem. Z., 250, 414 (1932). 

6 Lipkin and Stewart, J. Am. Chem. Soc., 61, 3295 (1939). 
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During the formation of the aminoketone an asymmetric carbon atom is 
generated, but the (+) and ( —) arrangements appear in equal amounts, 
and the racemic mixture may be represented as II—III. The reduction 
of the carbonyl group in II might be expected to give the diastereoisomers 
IV and V, whereas III should then form VI and VII. IV and VII are 
enantiomorphs and together would form racemic ^-propadrine. V-VI 
represent propadrine. Thus, in this synthesis two racemic mixtures 
might normally be expected but only one is obtained, namely, that 
represented by V-VI. Hence, the configuration of the amino-bearing 
carbon atom influences the spatial arrangement assumed by the ketonic 
carbon atom when it is converted into an asymmetric alcoholic carbon 
atom. 

On the other hand, if propadrine is prepared from benzaldehyde and nitroethane, 
through phenylnitropropanol, 

CsHiNOt 

C«H»CHO —>■ C»H$—CHOH—CH—CH,—► C.H,—CHOH—CH—CH, 

I I 

NO, NH, 

a mixture of equal amounts of the two racemic forms is obtained. In the con¬ 
densation of nitroethane with benzaldehyde to form the nitroalcohol the two asym¬ 
metric carbon atoms are generated simultaneously and all possible configurations 
are actually obtained. The reduction of the nitro group does not affect the estab¬ 
lished configuration. 

a-Ketoacids esterified with an optically active alcohol may be reduced, 
at least in part, to optically active a-hydroxyacids. The ( —)-menthyl 
ester of benzoylformic acid may be reduced to ( — )-mandelic acid. 1 
The (-j-)-bornyl ester of benzoylformic acid reacts with ethylmagnesium 
iodide to form (-h)-phenylethylgly colic acid.* 

PHYSIOLOGICAL ACTIVITY 

In view of the differences in physical and chemical properties of dia¬ 
stereoisomers, a difference in physiological activity is not unexpected, 
especially if one keeps in mind the extreme sensitivity of the living or¬ 
ganism. 3 - 4 If a drug with but a single asymmetric carbon atom is admin¬ 
istered, it is soon converted by means of “ protoplasmic reaction ” into 

i McKenzie, J. Chem. Soc., 91, 1215 (1907). 

* McKenzie and Mitchell, Biochem. Z., 208, 471 (1920). 

3 An enlightening, short treatise on the physiological effects of isomers is that 

given by Cushny, Biological Relations of Optically Isomeric Substances, Williams and 
Wilkins Co., Baltimore, 1926. ^ , , . 

4 A more recent review is that by Ammon, “ Die Bedeutung der Stereochemie 
in der Physiologic,” Ergeb. Physiol, exptl. Pharmakol., 37, 366-405 (1935). This 
author gives numerous references to original literature. 
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a substance capable of existing in diastereoisomenc modifications. The 
physiological response may then be caused by either physical or chemical 
forces or even as a result of the two working together. This conception 
is expressed in another way of Easson and Stedman. 1 

It is considered that the different physiological activities of optical isomendes may 
frequently be ascribed to circumstances which are identical with those which cause 
different symmetrical molecules to exhibit different physiological activities .... that 
molecular dissymmetry is, of itself, without inffuence on physmlogical activity. and 
that both it and the optical activity with which it is assoc,ated are accidental accom- 
paniments ... of different molecular arrangements which differ in their ability to 
cause the development of a particular physiological effect for precisely the same 
reasons that two structural isomerides so differ. 


The first recorded observation of differences in physiological properties 
of optical isomers is that of Piutti 2 who found that ( + )-asparagine has 
a sweet taste but that the (-)-isomer is insipid. 

It is of more than a little interest to find that Pasteur ascribed this 
difference to the presence of an optically active substance in the nervous 
mechanism of taste and likened it to the specific action of ferments. 3 

It has since been shown that the enantiomorphs of practically all the 
amino acids give different taste responses. The l- or natural amino 
acids are either tasteless or bitter; the members of the d- series are 


sweet. 4 

The difference in the taste and sweetness of the various stereoisomeric 
sugars is even better known, e.g., in the aldohexose group, D-glucose is 
sweet but D-gaJactose and D-mannose are much less so. Another strik¬ 
ing difference in the tissue response to the sugars is seen in the perme¬ 
ability of the glomeruli of the frog kidney. Glucose is reported to be 
totally impermeable but mannose, fructose, and some of the disaccha¬ 
rides are allowed to pass completely. 6 

( —)-Secondary butyl alcohol shows greater narcotic effect toward 
tadpoles than does the (+)-isomer, although the oil-water partition 
coefficient is the same for both. 6 

The first optical isomers to be investigated pharmacologically were 
the hyoscyamines. These compounds are particularly interesting in 
that the center of asymmetry is found in the tropic acid component 
rather than in what might seem to be the more important tropanol 


1 Easson and Stedman, Biochem. J., 27, 1257 (1933). 

2 Piutti, Compt. rend., 103, 134 (1886). 

3 Pasteur, Compt. rend., 103, 138 (1886). 

4 Kaneko, J. Chem. Soc. Japon, 60, 531 (1939); C.A., 36, 2874 (1942). 

6 Hamburger, Ergeb. Physiol., 23, 120 (1924). 

4 Hano, Folia Pharmacol. Japan., 27, 315 (1939); C.A., 34, 2069 (1940). 
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fragment (see page 587). ( —)-Hyoscyamine was generally found to 

be about twice as powerful a mydriatic as the racemic atropine and 
20-25 times stronger than (-h)-hyoscyamine. 

Similar relations were found to exist for the hyoscines and homa- 
tropines. 

DL-Malic acid is twice as toxic toward fish as is (— )-malic acid, indicat¬ 
ing that the (+)-isomer is more toxic than the ( — J-isomer. 1 * (+)-Car- 
nosine has no depressor effect even when administered in 20 times the 
dose at which ( —)-camosine is active.* Pigeons injected intramuscu¬ 
larly with DU- or D-alanine gave evidence of great distress, whereas 
L-alanine produced no such symptoms. 3 

Especially interesting with respect to optically active amino acids, is the reported 
isolation of appreciable amounts of the 11 unnatural " amino acids, leucine, lysine, 
valine, and in particular glutamic acid, from tumor tissue. The results are disputed 
in some quarters. The hypothesis is advanced that the normal tissue enzymes are 
unable to metabolize the d- scries of acids. The inability to exclude the D-amino 
acids from proteins is proposed as the “ proximate " cause of cancer. 4 * - 1 

L-Ascorbic acid possesses antiscorbutic properties, but D-ascorbic acid 
is inactive. The specificity of the ribose fragment in riboflavin has 
been mentioned, page 624. 

In feeding experiments it was observed that when D-lysine replaced 
the natural L-amino acid in the diet, the experimental animals failed 
to grow; and if D-tryptophan and D-histidine were substituted for their 
natural L-isomers, the animals developed at a slower rate. 6 In humans 
racemic tryptophan showed only half the activity of an equal amount of 
the natural or L-isomer. 7 L-Thyroxine is twice as active as racemic 
thyroxine. 8 

L-Thienylalanine is an active microbiological inhibitor, antagonized 
by phenylalanine. D-Thienylalanine is inactive . 9 

The pharmacological activities of the ephedrine isomers, according to 
Chen and Schmidt, 10 are shown in Table 67. 

1 Gauze and Smaragdove, J. bid. mid. exptl. ( U.S.S.R. ), 7, 105 and 107 (1939). 

’du Vigneaud and Hunt, J. Bid. Chem., 115, 93 (1936); C.A., 30, 7217 (1936). 

J Abderhalden and Tetzner, Z. physiol. Chem., 232, 79 (1935); C.A. , 29, 3398 
(1935). 

4 Kogl and Erxleben, Z. physiol. Chem., 258, 57 (1939). 

•Ottawa, Z. Krebsforsch., 49, 677 (1940); C.A., 35, 4833 (1941). 

• Totter and Berg, J. Biol. Chem., 127, 375 (1939); C.A., 33, 2188 (1939). 

7 Albanese and Frankston, J. Bid. Chem., 155, 101 (1944). 

» Reineke and Turner, Endocrinology, 36, 200 (1945). 

* Ferger and du Vigneaud, J. Bid. Chem., 174, 241 (1948). 

Medicine , 9, 88 (1930). 
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TABLE 67 

Activities of the Diastereoisomeric Ephedrines 


Isomer 

Mydriasis 

M.L.D. 
Intravenous 
to White 
Rabbits, 
mg./kg. 

Ratio of Pres¬ 
sor Activity— 
l-t-e phedrine 
= 1 

Pressor 
Action in 
Men per os 

Per Cent In¬ 
crease in Blood 
Pressure after 
Injection of 2 
mg. into 
Pithed Cat, 
2.5 kg. 

L-pseudo 

+ 

80 

l:.l 

— 

8 

no 

Di^-pseudo 

+ + + 

70 

1:4 

+ 

28 

0*7 

D-pscudo 

+ + + + 

75 

1:6.8 

+ 

67 

no c 

D- 

+ + + 

80 

1:11.9 

— 

68.5 

DL- 


60 

1:26.5 

+ 

211 

ly 

+ + + + + 

60 

1:35.1 

+ 

280 


For epinephrine the ratio of pressor activities for the three isomers 
has been found to be (-) : dl :(+):: 1 : 1/2 : 1/20. The (-)-isomer 
is also 6 to 20 times more toxic than the (-f)-isomer. 1 - 2 It is reported 
that mice pretreated with (-f)-epinephrine develop a tolerance for 10 
or more times the lethal dose of the ( — )-isomer, although such immunity 
is only temporary. 3 - 4 It is also said that intravenous administration 
of (-h)-epinephrine to cats and dogs renders them nonresponsive to the 
normal hormone. 6 The three isomers show characteristic effects on the 
duration of the pressor response when administered in doses which pro¬ 
duce moderate but approximately equivalent elevations in blood pres¬ 
sure. That produced by ( —)-epinephrine lasts an average of 1.5 min.; 
that from DL-epinephrine extends to 2.5 min.; and the rise produced 
by (-f )-epinephrine persists for 4.7 min. These differences are ascribed 
to variations in “ protoplasmic reaction.*’ 6 

The pressor activities for the synephrine isomers vary in the following 
order, ( —) : dl : (+) :: 1 : 1/2 : 1/60. The (4-)-isomer also produces 
longer duration in blood pressure rise. It is in the perfusion experi¬ 
ments, however, that a striking difference appears. Doses of 0.5 to 
2.0 mg. of the (— )-isomer produce prompt and prolonged vasoconstric¬ 
tion; the dextrorotatory isomer up to 10 mg. doses produces no effect 
or causes dilatation; the racemic mixture in doses ranging to 50 mg. 

I Tainter, J. Pharmacol., 40, 43 (1930). 

2 Launoy and Menguy, Compt. rend. soc. bid., 87, 1066 (1922). 

3 Abderhalden and Kautsch, Z. physiol. Chem., 61, 119 (1909). 

4 Waterman, Z. physiol. Chem., 63, 290 (1909). 

3 Frohlich, Zerdr. Physid ., 23, 254 (1909). 

6 Tainter, J. Pharmacol., 40, 43 (1930). 
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never produces constriction. Since 25 mg. of the ( —) compound was 
administered along with an equal amount of the ( + ) isomeride, it 
appears that the dextro-rotating substance is not only inactive but also 
antagonistic to the vasoconstricting ( — )-isomer. 1 

A most interesting substance showing qualitative and quantitative 
differences between its optical isomers is seen in 3,4-dihydroxypropadrine 
(corbasil or nor-homoepinephrine). The ratio of pressor activities is 
( —) : dl : (+) :: l : 1.6 : 160. The response obtained from the 
( —) substance is substantially like that obtained from ( — )-epinephrine; 
the response from the (+)-isomer is very much like that seen with 
( — )-ephedrine. The fact that the racemic mixture is 1/1.6 as active as 
its most active component, instead of 1/2, suggests that the ( + ) half 
exerts a potentiating action on the epinephrinelike isomer. On the 
isolated rabbit uterus the ( — )-isomer is active while the (-f-)-isomer is 
practically inert. In its ability to mobilize glycogen the (—) component 
is active like epinephrine, but the (+) fraction is quite inert like ephe- 
drine. Cocaine increases the activity of the ( — )-isomer, as it does with 
( — )-epinephrine, but decreases the pressor response from the ( + ) com¬ 
pound, as it does with ephedrine. The levorotating isomer is 15 to 25 
times more toxic. Every indication, therefore, points to the fact that 
the two optically active isomers are distinct compounds when measured 
and evaluated in terms of their pharmacological response. 2 

ASYMMETRIC CARBON ATOMS IN THE CYCLE 

Compounds with asymmetric carbon atoms in the cyclic portion of 
the molecule are as abundant and well recognized as those with the 
optically active centers in an open chain. However, the phenomena 
associated with stereoisomerism in cycles are not always well known. 

In the open chain, the carbon atoms are usually free to rotate with 
respect to their neighbors, as indicated in I to III: 



383 (1936). 
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so that at no time is the position of a given substituent on one carbon 
atom fixed with respect to a particular group on the other. However, 
when an asymmetric carbon atom becomes a part of a cycle, such tree 
rotation is no longer possible and the relative positions of the groups, 
with respect to each other, become fixed, thus bringing into play an 
additional factor, a certain rigidity of the molecule. These effects will 
be better understood if studied with several specific examples. 

It is true that the six carbon atoms in cyclohexane probably do not lie in a single 
plane (see “ bed-chair ” relationship under the polycyclic compounds), but in the 
case of the monocycles the net effect is as if they did lie in one plane. 

For 2 -methylcyclohexanol the following steric possibilities appear: 



I and IV are cis, but at the same time they are mirror images of each 
other and hence are optical antipodes. These relationships will be 
better appreciated if observed with molecular models. Space diagrams 
of I and IV are shown below. 



— CH, to — OH to — H 
clockwise 



— CH, to — CHj to - H 
counterclockwise 


— CH, to —CH, to — H 
clockwise 


In a similar manner, II and III are trans and at the same time enantio- 
morphs. 

For the 3-methylcyclohexanols, the following configurations are 
possible: 
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HaC H 

HaC H 

H,C H 

H,C H 
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/ 
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H a c/ 

H a c/ X CH, 

H,c/ X CH, 

HjX X CH, 

x; 

CH, 0H 

V 
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CH, OH 

VI 
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H ’°\ X H 

CH, H 
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CH, 
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V and VIII represent the cis pair of mirror images and VI and VII, the 
trans pair. 

Thus far nothing substantially different from phenomena encountered 
in the open-chain diastereoisomers has appeared, except that the posi¬ 
tions of the various substituents are quite fixed with respect to each 
other. There still are two racemic mixtures and four optical isomers 
for each 2- and 3-methylcyclohexanoI. In 4-methylcyclohexanol, how¬ 
ever, no optical activity is possible. After the manner for the 2- and 3- 
isomers, the structural possibilities are: 


HaC H 

HaC H 

H CH, 

H CH, 

\ / 

\ / 

\ / 

\ / 

C 

C 

C 

C 

/ \ 

• H 2 C CH, 

1 1 

H,C CH, 

/ \ 

H,C CH, 

1 1 

H,C CH, 

/ \ 

H,C CH, 

1 1 

H,C CH, 

/ \ 

H,C CH, 

1 1 

H,C CH, 

\ / 

\ / 

\ / 

\ / 

C 

C 

C 

C 

/ \ 

/ \ 

/ \ 

/ \ 

HO H 

HO H 

H OH 

H OH 


ix x XI XII 

It will be observed that none of the cycles has an asymmetric carbon 
atom; this rules out the possibility of mirror-image or optical isomerism. 
For example, IX rotated through 180° will be completely superposable 
on XII; X and XI are also mutually superposable. Yet there are two 
isomers, the cis and the trans, definite and distinct compounds because 
the relative positions of the substituents in the cycles are fixed. The 
physical properties of the isomeric methylcyclohexanols are summarized 
in Table 68. 1 - 2 ** 

1 Gough, Hunter, and Kenyon, J. Chem. Soc., 2052 (1926). 

2 Skita and Faust, Ber., 72, 1127 (1939). 

8 Godchot and Cauquil, Compt. rend., 198, 663 (1934). 
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The cyclohexanediols are examples of compounds in which the 
substituents are identical. Data for these isomers are shown in 

Table 69. 11 * 8 * 4 , . ... 

Examination of the structures of the 1,2- and the 1 , 3 -cyclohexanediols 
shows that only the trans configurations are optically active and that the 
rotational effects of the two asymmetric carbon atoms are in the same 
direction and hence augment each other. They are, in this respect, 
like the optically active forms of tartaric acid. The cis isomers are 
internally compensated and analogous to mesotartaric acid. 

The cis - and trans-p- methanes are examples in the hydrocarbon group. 
These compounds were obtained by the electrolytic reduction of dl- 
isomenthone and ( —)-menthone. 5 DL-Isomenthone formed a hydro¬ 
carbon 4° = 0.8080 and ng = 1.4414. (-)-Menthone formed a 
p-menthane 4° - 0.7964 and ng = 1.4366. The parachor 6 and the 
Auwers-Skita rule show that the product from ( — )-menthone is trans 
and that from isomenthone is cis. This means that although the men- 
thones are asymmetric, the cis-lrans configuration exists there also. 

According to Auwers and Skita 7 the cis configuration possesses a greater density, 
greater refractive index, and lower molecular refraction than the trans isomeride. 
This rule, although very convenient, is not always a reliable guide, and conclusions 
need confirmation from other sources before they can be accepted completely. 

The number of isomers in the monocyclic series is 2”, where n repre¬ 
sents the number of unlike, asymmetrical carbon atoms. Limonene 
is an example of a compound with a single asymmetric center (see 
page 24). Typical examples of cycles with two asymmetric carbon 
atoms have already been given, the methylcyclohexanols and the cyclo¬ 
hexanediols. For reasons already given, the 1,4-derivatives cannot 
exist in optically active forms. 

Menthol is a typical illustration of a compound with three asymmetric 
carbon atoms in a single cycle. The steric relationships of the men- 
thones and the menthols have been investigated extensively, and com¬ 
parisons have been made with many compounds of related structure. 
The configuration of the terpenes and related compounds have not been 
established relative to tartaric acid or glyceric aldehyde. It has been 
established, as indicated under p-menthane, that in ( — )-menthone the 
methyl group at C-l is trans with respect to the isopropyl group at C-4. 

l Derx, Rec. trav. chim., 41, 312 (1922). 

2 Coops, Dienske, and Aten, Rec. trav. chim., 57, 303 (1938). 

3 Rothstein, Ann. chim., (10) 14, 461 (1930). 

4 Lindenmann and Baumann, Ann., 477, 78 (1930). 

6 Keats, /. Chem. Soc., 1937, 2003. 

6 Carter, J. Chem. Soc., 1927, 1278. 

7 Ann., 410, 287 (1915); 420, 91 (1920). 
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TABLE 68 


Methtlcyclohexanols 



DL-2-Methylcyclo- 

Di/-3-Methylcyclo- 

4-Methylcyclo- 


hexanol (•) 

hexanol (t) 

hexanol ($) 


Cis 

Trans 

Cis 

Trans 

Cis 

Trans 

B.p. at 20 mm. 
d? 

77-78° 

77-79° 

77-78° 

78-79° 

78-79° 

78-79° 



0.9091 

0.9104 

0.9180 


no 

i.46ie' 


1.4554 

1.4530 

1.4584 

1.4544 

Viscosity at 25° 

0.155 


0.197 

0.251 

0.247 

0.385 

Acetate, b.p. at 20 

79-90° 

79-80° 

78-79° 

81-82° 

78-79° 

78-80° 

mm. 







Viscosity of acetate 

0.0211 


0.0195 

0.0174 

0.0196 

0.0217 

at 25° 

Cal. per mole 

— 

m 

9119 

9073 

— 

— 


•Two optical isomers have been isolated, (+) Irons- and ( —) cw-2-methylcyclo- 
hexanols. For the ( + ) Irons- was observed [aj?? - +17.19° and for (-) cis-, 
1«1d ■ —6.23°. Both of these carbinols were oxidized to the same ketone, 2-methyl- 
cyclohexanone, [alo “ +14.21*. 

t Levorotating isomers of 8-methylcyclohexanol have been prepared. A com¬ 
parison of some of their constants is given. 


b.p. at 16 mm. 

cis 

67-68° 

Irons 

76-77° 

nb fl 

1.4590 

1.4589 

viscosity at 16° 

0.2652 

0.3774 

mV 

-7.83° 

-4.26° 

p-nitrobenzoate m.p. 

78-79° 

45-45.5' 


t Attempts to resolve 4-methylcyclohexanol were unsuccessful. This is in agree¬ 
ment with the theory of optical activity and, therefore, not unexpected. 

TABLE 69 
Cyclohexanediols 



1,2-Cyclohexane- 
diol 

1,3-Cy clohexane- 
diol§ 

1,4-Cyclohexane- 

diol 

Cis 

Trans 

Cis 

Trans 

Cis 

Trans 

Melting point 

98° 

104°* 

86° t 

117 

112° 

143° 

Dibenzoate m.p. 

63.5° 

92° 

65.5° 

123.5$ 

117° 

151° 

Dicinnamate liquid m.p. 

— 

90-91° 

— 

— 

122° 

189° 

Di-p-nitrobenzoate 

— 

— 

144 

176.5 




• Resolved by Derx. Isomers melt at 110.5°, [a| ± 41.4°. 
t Reported nonxesolvable. 

j The cis dibenzoate is about twelve times as soluble as the Irons in alcohol. 

§ It is likely that the cis-trans designations for 1,3-cyclohexandiol will have to be 
revised, especially if the recent work on 1,3-dimethylcyclohexane is indicative. 
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Among pairs of geometric isomers that member possessing less steric hindrance 
has the lower energy content, usually the lower boiling point, lower density, and lower 
refractive index. In accordance with these principles the cis and the trans assigna¬ 
tions for the various dimethylcyclohexanols were made. However, various complex 
situations give exceptions to this rule. 

Cyclohexane, if it existed in a plane, would have the normal valence angles of the 
carbon atoms under appreciable strain (the angles of a regular hexagon are 120 ; 
the normal valence angles of the carbon atom are 109° 28'); hence, in order that 
there may be no strain, the cycle adjusts itself so that two members take positions 
out of the plane of the other four; they may take positions on the same side or on 
opposite sides of the plane, thus: 





Tmns, "Z" or "chair" type* 


Thus far no monocyclic stereoisomers have been isolated in harmony with these 
postulates, perhaps because of the dynamic equilibrium of the two forms or the tau- 
tomcrism between the two “ Z ” forms. Physical data suggest that cyclohexane 
exists in the 11 chair ” form. 

Close scrutiny shows that in the “ chair ” form the alternating methylene groups 
are first above then below a plane passing through the cycle. Consequently six 
hydrogen atoms lie on an equatorial belt on that plane; of the other six hydrogen 
atoms, three are above and three below the plane, i.e. three arc north polar and three 
are south polar. Furthermore each carbon atom has one equatorial and one polar 
hydrogen. In such a structure the methyl groups in trans 1*2-, trans 1,4- and cis 
1,3-dimethylcyclohexane are all equatorial, and hence the molecules have less stcric 
hindrance. In cis 1,2- cis 1,4- and Irons 1,3-dimethylcyclohexane one methyl is 
equatorial and the other polar, even in the tautomeric “ chair ” form. Consequently, 
the corrected designation for cis 1,3-dimethylcyclohexane applies to the compound 
b.p. at 760 mm. 120.09°, nf> 1.4206 and density at 25° 0.7620 gram per ml.; for 
trans 1,3-dimethylcyclohexane b.p. at 760 mm. 124.45°, n5> 1.4284, and density at 
25° 0.7806 gram per ml. 1 

The same relationship holds for these two carbon atoms in ( — )-menthol. 
The reduction of ( — )-menthone yields two products, ( —)-menthol and 
(-f)-neomenthol; the difference in the two products is in the configura¬ 
tion about C-3. Extensive observations indicate quite conclusively 
that in (— )-menthol the hydroxyl at C-3 is cis to the methyl at C-l. 
Therefore in (-f-)-neomenthol the hydroxyl is trans to the C-l methyl 
group. 

The steric relationships of the menthols and of the menthones are 
indicated in Table 70. 2,3 

1 Rossini and Pitzer, Science, 105, 647 (1947). 

3 Read, Chem. Revs., 7, 1 (1930). 

3 Read and Grubb, J. Chem. Soc., 1934, 1779. 
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It is of interest to note that the esterification rate of the isomeric 
menthols with p-nitro-benzoyl chloride decreases in the following ratio: 


( — )-menthol 16.3 

( — )-isomenthol 12.3 

( — )-neoisomenthol 3.1 

( — )-neomenthol 1.0 


The cyclic, pyranose structures of the aldohexoses are examples of 
six-membered cycles with five asymmetric carbon atoms. There are 2 5 
or 32 possible isomers, including the a- and 0- modifications. 

TABLE 70 

Steric Relationships of Menthones and Menthols 


CHr— 

— H 

CHr- 

— H 

=o 

H - C,H, 

(+)- or (-)-Trant menthone 

[a] - ±29.6° 

=o 

C,Hi - H 

(+)- or ( —)~Cit menthone 

M - ±91.7° 


\ 

/ 

\ 

CH, - H 

CH,— —H 

CH, - H 

CHr — — H 

HO - H 

H - CjHt 

(+)- or (-)- 
Menthol 

H - OH 

H — —CjHj 
<+>- or (-)- 
Neomenthol 

HO - H 

CjH, - H 

H - OH 

C,H, - H 

(+)-or (—)- 
Neo-bo- 
menthol 

(+)- or (— )- 
Ieomenthol 

[a]-±49.6° 

[a] =±20.7° 

M - ±2.2° 

[a] - ±26.9° 


POLYCYCLIC COMPOUNDS 

Camphor and Bomeol. The camphor molecule contains two asym¬ 
metric carbon atoms, C-l and C-4. At first thought it might be ex¬ 
pected to exist in four stereoisomeric modifications. This, however, 
is not true, for the bridge joining 0-1 and C-4 makes these two car¬ 
bon atoms act as a unit and at the same time permits only that configura¬ 
tion in which the methyl at C-l and the hydrogen at C-4 are cis; a trans 
bridge would put an impossible strain on the molecule. 

This fact will be much better appreciated if demonstrated with 
molecular models. Consequently the number of optical isomers is 2. 1 
Both (-l-)-and ( — )-camphor are known. 

1 For a more detailed presentation, the interested student is referred to Gilman, 
Organic Chemistry , John Wiley and Sons, Inc., p. 401 el seq., (1943). 
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The configuration of the terpene compounds relative to glyceric aldehyde has not 
been established. Considerable progress has been made, however, in relating the 
configurations of these substances in terms of each other. Once these become estab¬ 
lished with reference to the open-chain compounds notable advances will be recorded. 1 
Now that the relative configuration of isopropylglutaric acid has been established it 
may become possible to relate the cyclic to the open-chain series.* 

The reduction of camphor to borneol introduces a new center of 
asymmetry at C-2. Although this alcohol has three asymmetric carbon 
atoms, yet, because C-l and C-4 must act as a unit, only four stereo¬ 
isomers are postulated, ( +)- and ( —)-borneol and (+)- and ( —)-iso- 
borneol, respectively. 

The replacement of the hydroxyl group in borneol with a hydrogen 
atom, to form camphane, destroys the asymmetry, and the hydrocarbon, 
unlike p-menthane, is incapable of existing in stereoisomeric forms. 

Tropane Compounds. Although it contains two asymmetric carbon 
atoms, tropane can exist in only one form as indicated: 



Tropane 

The =NMe bridge allows C-l and C-5 to assume only the cis configura¬ 
tion and, since these two asymmetric centers are identical, the molecule 
is internally compensated or in the meso form. 3-Tropanol, tropine, 
is likewise internally compensated and optically inactive. The hydroxyl 
group at C-3 may, however, be cis or trans with respect to the =NMe 
1 Hiickel, J. prakl. Chem., 157, 225 (1941). 

* Fregda and Miettinen, Acta Chem. Scand., 1, 371 (1947); C.A., 42, 5439 (1948). 



674 


STEREOISOMERISM 


bridge. The cis isomer is obtained from tropacocaine and hence is 
pseudo-tropanol; it is formed when 3-tropanone is reduced with sodium 
and alcohol. The (vans tropanol is found in atropine; it is formed by 
the catalytic reduction of 3-tropanone. 1 

The introduction into the tropanol nucleus of a carboxyl group at 
0-2, as in ecgonine, destroys the symmetry of the molecule, and C-l, 
C-2, C-3, and C-5 become centers of optical activity, but with C-l 
and C-5 acting in unison; hence the number of expected isomers is not 
2 4 but 2 3 or eight. 

Decahydronaphthalene. When two cycles are fused, as in decahydro- 
naphthalene, a factor of greater rigidity appears . 2 


■v 


H 

H 


/ 


yO 

H X \ 


H H H H 

\/ 

C H C 

\l/ \ A 
C c{ 

! H 
1 <✓“ 


c 

/|\ / 

C H C 

/\ /\ 

H H H H 

Cis 


> 

:> 


H H H H 

\/ \/ 

C H C 

/ \l/ \ A 
c c< 


Deoahydronaphtbtlene 


: c 

\ /l\ 

C H C 

/\ /\ 

H H H H 

Trans 


I H 

i< H 


This rigidity becomes more pronounced as the number of fused cycles 
in the molecules increase, e.g., in the steroid compounds. Decahydro¬ 
naphthalene, as seen from the formulas, exists in the cis and the Irans 
forms. Physical data for the two isomers are given in Table 71.** 4 * 6 


TABLE 71 


Cis and Trans Decahydronaptualenes 



Cis 

Trans 

B.p. at 760 mm. 

194.6° 

185.5° 

M.p. 

-43.26° 

-31.47° 

d 2 4° 

0.8963 

0.8699 

no 

1.48113 

1.46968 

Cal. per gram 

10851.3 

10836.0 

Viscosity at 20° centipoises 

3.381 

2.128 


»Smith, Thesis, Univ. Md., 1947. 

* For a more detailed and complete exposition of the theoretical aspects of the 
problem see Gilman, p. 320 el seq. 

* Seyer and Walker, J. Am. Chem. Soc., 60, 2125 (1938). 

4 Davies and Gilbert, J. Am. Chem. Soc., 63, 1585 (1941). 

6 Seyer and Leslie, J. Am. Chem. Soc., 64, 1912 (1942). 
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These data are not, in themselves, important to the pharmaceutical 
chemist, but they do give emphasis to the very strong possibility that 
similar differences will be found in the case of physiologically active, 
polycyclic stereoisomers, for example, in the cyclopentenophenanthrene 
derivatives, and that these differences may conceivably explain, at least 
in part, the variations in biological responses observed in such isomers. 

Sterols. The complexity of the stereochemistry in these compounds 
may be appreciated from a contemplation of the structure of cholesterol. 
In the hydrogenated molecule carbon atoms numbered 3, 5, 8, 9, 10, 13, 
14, 17, and 20 are asymmetric. This permits 2 9 or 512 theoretically 
possible stereoisomers. In cholesterol, carbon atom 5 is doubly linked 
to 6; and for this structure 256 isomers are possible. Since the stereo¬ 
chemical riddle of these compounds has not been completely solved, 
only a few general conclusions will be given here. The unraveling of 
the problem presented by sterol chemistry is proceeding at such a rapid 
rate that comprehensive treatises which were excellent at the time of 
their publication are quickly becoming out of date. The number of 
original publications in this field runs into several hundreds annually. 

Evidence from several sources, both chemical and physical, points to 
the fact that the four cycles are 14 flat/ 1 that is, not bowed-in, except 
in rare instances such as pyrocalciferol. This suggests that cycles B 
and C are Irans. D, a five-membered ring, occurs naturally in as near 
a plane as circumstances permit. Most, if not all, of the members of 
this group belong to one of two main series, the cholestane or the copro- 
stane series. In coprostane the rings A and B are of the cfs-decalin 
type; in cholestane they are the /rans-decalin type or trans. 


y c \/ 

H 2 C 


JKa /C H 3 

QJ £ 3 CHCH2CH2CH2CH 

CH X CH 3 


pn I 

c AiX 

h 2 c »c «ch ch 2 

I A 


D CH; 


HOCH CH 2 

x ch 2 X CH 

Cholesterol 
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Choleetane configuration Coproetane configuration 


The configuration about 03 is of great importance. In the sex 
hormones and, perhaps, in the cardiac glycosides, a change in the con¬ 
figuration about this carbon atom may reduce very substantially, and 
in some instances even cause a reversal of, the physiological activity. 
If the hydroxyl at C-3 is cis with respect to the angular methyl at C-10, 
the compound usually forms an insoluble digitonide, a property which 
may be used to separate diastereoisomers and may frequently be em¬ 
ployed to give preliminary indication of the configuration in the investi¬ 
gation of new compounds . 1 


cis-frans-ISOMERISM ABOUT THE ETHYLENIC BOND 


In 1838 Liebig observed that maleic and fumaric acids have the same 
empirical formula. The explanation for this phenomenon became clear 
when Le Bel and van’t Hoff advanced their theory for the tetrahedral 
nature of the carbon atom. Two carbon atoms linked with a double 
bond are no longer free to rotate but become fixed with respect to each 

other, as indicated in Figure 1: 


H— 77 -COOH 



HOCO-^—-f-H 

-^-COQH 

H-^—^ COOH 

Maleic acid 

Fumaric acid 


Figure 1 

These space relationships are 

much better seen from a study of atomic 

models. For convenience the 
commonly written: 

space model diagrams of Figure 1 are 

H COOH 

HOOC H 

\ / 

\ / 

C 

C 

II 

11 

c 

c 

/ \ 

/ \ 


H COOH H COOH 

1 Reindel and Niederl&nder, Ann., 522, 218 (1936). 
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or more simply 

H—C—COOH and HOOC—C—H 

II II 

H—C—COOH H—C—COOH 

The four substituents of ethylene lie in a plane; their relative positions 
are not interchangeable, and there is a plane of symmetry, making 
optical isomerism about the double bond impossible. 

Two ethylenedicarboxylic acids are possible, as the space models 
indicate. Two are known. One of them, maleic acid, readily forms an 
anhydride. Fumaric anhydride is unknown. Examination of the space 
models shows that of the two possible structures the one with the two 
carboxyl groups in cis position explains the easy loss of water with the 
formation of a cyclic anhydride. This is difficult for the trans structure. 
This is not a question therefore of relative configuration, as in optical 
isomerism, but of absolute configuration. 

This type of geometric or cis-trans isomerism is found if each of the 
two ethylenic carbon atoms is substituted by two unlike groups. 


a b 

a b 

a b 

a b 

a a 

\ / 

\ / 

\ / 

\ / 

\ / 

C 

C 

C 

C 

C 

II 

II 

’ II 

II 

II 

C 

c 

c 

C 

C 

/ \ 

/ \ 

/ \ 

/ \ 

/ \ 

a b 

b a 

c d 

d c 

c d 


ci*-tran4 c\*-lrant No cit-tram 

isomerism 

possible 


The determination of which is the cis and which the trans configura¬ 
tion is comparatively easy in the maleic and fumaric acids, or where the 
formation of cycles is employed. Geraniol and nerol both cyclize to 
form dipentene (page 81) but nerol does so more readily; examination 
of the space models shows that the trans member of this pair of isomers 
should lose water and form a six-membered cycle more easily than the 
cis member. Accordingly, nerol must be trans and geraniol must be cis. 

The higher melting form of crotonic acid, m.p. 72°, is shown to be 
trans by the following relationships: 

h-c-cooh hoh H C—CClj H—C—CH 3 

II II —> || 

HOOC—C—H HOOC—C—H HOOC—C—H 

Fumaric acid Trichlorocrotonic Crotonic acid 

acid 

Sometimes chemical methods are difficult to apply, and resort must be 
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had to physical measurements, which are not infallible and must be used 
with care. In the acids a surprising regularity appears in the differences 
between the cis and the trans isomers. The cis compound usually has 
t e lower melting point, the higher degree of ionization, the greater heat 
of combustion, and shows the greater solubility in inert solvents. Some 
of these characteristics are shown in Table 72. 

Differences in the physical properties of the cis and the trans dichloro- 
ethylenes are summarized in Table 73. 

Usually one isomer of a cis-trans pair is less stable and may be quite 
easily converted into the more stable form. Such conversion is fre¬ 
quently promoted by heat, sunlight, acids, traces of iodine, etc. It 
appears that the trans isomer usually is the more stable, e.g., maleic 
acid on changing into fumaric acid liberates 6 kg.-cal. of energy per 
molecule; at 29° the heats of addition of hydrogen to ethyl maleate 
and ethyl fumarate are 33.6 and 29.3 kg.-cal. per molecule, respectively. 1 

TABLE 72 
Cis-trans Acids 


Acid 

Melting Point 

°C. 

K a 

Heat of Com¬ 
bustion, 
kg.-cal./mol. 

Solubility in 
Water at 26° 
g./lOO ml. 

Maleic 

130 

1.17 

326 

78.8 

Fumaric 

286 

0.093 

320 

0.7 

cw-Crotonio 

15.6 

3.6 X 10-» 

486 

40 

/rans-Crotonic 

72 

2 X 10-* 

478 

8.3 

cia-Cinnamic 

68 

1.38 X 10“« 

1047 

14.4 

frans-Cinnamic 

133 

0.035 X 10-« 

1041 

0.1 

Angelic 

45 

4.9 X 10~‘ 

634.8 

— 

Tiglic 

64 

0.95 X 10-* 

627.4 

— 


TABLE 73 

Cis and Trans Dichloroethylenes 



H—C—Cl 

II 

H—C—Cl 

H—C—Cl 

II 

Cl—C—H 

Melting point 

-80.5° 

-60.5° 

Boiling point at 760 mmi 

48.35° 

60.25° 

Specific gravity 

1.2498 

1.2743 

Dipole moment 

1.86 X 10~ u e.s.u. 

— 

Dissolves cis-0-chloro-crotonic 
acid 

32.2 

37.3 

Dissolves *rans-/9-chloro-crotonic 
acid 

6.75 

2.36 


1 Williams, J. Am. Chem. Soc., 64, 1395 (1942). 
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Conversely, increasing the energy, e.g., by irradiation with ultraviolet 
light, isomerizes fumaric into maleic acid. If the two isomers possess 
approximately equal stability, conversion from one form to the other is 
rarely complete. 

Additional examples might be included but those given suffice to 
show that cis and trans isomers are, in fact, distinct chemical compounds. 
It is not unexpected, therefore, that they should show differences also in 
physiological properties. However, present knowledge of the effect of 
cis-trans isomerism on biological and medicinal action is limited. 

Two grams of maleic acid per kilogram was fatal to a dog, but the 
same dose of fumaric acid produced no damage. At 20° maleic acid is 
reported to be the more toxic toward bacteria; at 37° fumaric acid is 
the more toxic. Fumaric acid, although it has a lower dissociation 
constant, inhibits more strongly than maleic the action of diastase, 
pepsin, and lipase, and it precipitates proteins. Fumaric acid has the 
characteristic sour taste of acids; maleic acid has an irritating taste. 
The ethyl ester of angelica acid is sweet; the ester of tiglic acid is pun¬ 
gent. The higher melting of the two isomers having the structure 

CHj—C=CH—COOCiHj 

I 

NH—CHaCeHj 

is tasteless; the lower-melting isomer is sweet. 

Oleic acid, m.p. 14°, is cis, 

H—C— (CH 2 ) t—COOH 

II 

H—C—(CH 2 )t—COOH 

Whether its trans isomer, elaidic acid, m.p. 45°, is equally metabolized 
apparently has not been established. 

Considerable interest attaches to the multiple unsaturated Cis acids, 
especially to linoleic and linolenic acids, because of their “ vitagenic ” 
properties. They relieve the symptoms once attributed to deficiency 
of vitamin F. The spatial configuration of these acids has not been 
established. 

The polyenes of carotenoid structure theoretically may exist in many 
geometric forms. Fortunately nature avoids structural complexity, 
for chemical and roentgenographic studies show that nearly all of them 
exist in the more stable trans form. A notable exception is crocin, a 
pigment isolated from the stigma of the crocus. This pigment is espe¬ 
cially interesting because of the part it and its degradation products, 
including geometric isomers, presumably play in sex processes of certain 
living substances. This has been demonstrated by Kuhn and his 



680 


STEREOISOMERISM 


co-workers for algae of the Chlamydomonas group. 1 A single molecule 
r S T etC (the ex P er ‘ me ntally determined ratio is six mole- 
nrnH, ° r S'* “ lb) ' e ‘ ther male or femaIe - The degradation of crocin 

c p h r rrritr:r r r tin dimethyi ethcr - which stimu,atcs the *«>***»* 

=r,.° f hC ' SOgamous organisms. Irradiation with blue or 

a!t vl es thl 8 . C ° nVertS the ** int ° the lrans dimeth y‘ ester, which 
, h T 6 g L ameteS 10 eopulative activity. Structurally these 
manifestations have been summarized by Kuhn as follows: 


CHjO CH (CHOHJaCHCHiOH HOCHaCH (CHOH ) 3 C H—OCH* 



CH- 


(CHOH)a C 

I 


0 


-CH 

I 

(CHjOH)i 


CH- 

I 

O 

I 

OCC=CHCH==CHC=CHCH- 

I 

CHa CHa CH, CH, 

Crocin 

Undor anaerobic condition* activate* cclla of both aeiea — limit of activity 1 molecule per cell. 


1 -CH 

I 

O 

:hch=cch=chch=cco 


i 


HOCH—(CHOH)a—CH—CHr-O—CH—(CHOH)a—CH—CH 2 OH + 


o- 


o- 


Gontiobiono (2 molecules) — under anaerobic condition* activates both malo and fomalo cell* 
(chemotaxis) — 100 times more active than glucose. 

CH3O—CO—C=CH—CH=CH—C=CH—CH= 

I I 

CHa CHa 

CH—CH=C—CH=CH—CH=C—CO—OCHa 


CHj 

Crocetin dimethyl ester 


CHa 


Responsible for the attraction between the male and female gametes leading to copulation — limit 

of sensitivity 10,000 molecules per gamete. 

+ Double bond probably involved in cii-tran* isomerisation. 

Kuhn, Angew. Chem., 53, 1 (1940). 


CHAPTER XVI 


SOME PHYSICOCHEMICAL PROPERTIES OF MEDICINAL 

PRODUCTS 

It is natural in considering medicinal and related substances to place 
emphasis on chemical properties and, where available information 
permits, to attempt a correlation between structure and physiological 
activity. The difficulties encountered in making such correlations, 
however, are complicated by the fact that so little is understood of the 
“ protoplasmic ” reaction between the drug and the heterogeneous 
components of the tissue, e.g., the carbohydrates, fats, proteins, sterols, 
metallic constituents, etc., which in themselves are not uniform and 
may be highly sensitive to modification by the drug. 1 

As little understood as these intricate biological processes may be, 
there are, nevertheless, many responses which are not the direct result 
of chemical forces but may be primarily attributed to physicochemical 
properties. It has been suggested, in fact, that every pharmacological 
effect must ultimately result either from the physical properties of the 
drug or from the product formed when the drug reacts with the tissue. 
Accordingly it has been proposed that modifications in the chemical 
structure of an active molecule are of significance only to the extent that 
they influence its physical properties. This may be specious reasoning, 
for obviously the physical and chemical properties of a molecule are 
inseparable and both are a function of the chemical structure. 

One difficulty certainly is the inadequacy of the conventional method 
of writing structural formulas. The customary depiction of the valence 
bond does not give adequate representation. Whether electronic 
formulas can remedy the deficiency by providing an appreciation of 
the finer molecular architecture remains to be ascertained. 2 Until 
questions like this are settled it may not be out of place to call attention 
to some physicochemical properties or factors which contribute either 
in part or in whole to the therapeutic action of drugs, remembering that 
ultimately even these are dependent on chemical structure. 

That physical properties should be important is not difficult to under¬ 
stand. Life, particularly as exemplified by the human being, exists 

1 Starkenstein, Klin. Wochschr 51, 1865 (1936). 

* Schulemann, Arch, expll. Path. Pharmakol., 181, 37 (1936); 
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m ^ u el ' CateIy balanced Physical environment. Only a few examples 
- 07 QC* glV ? n t0 illustrate th >s fact. Known temperatures range from 
to about 6000°, but man lives within a very narrow range be¬ 
tween these extremes; deviations of only 2 to 5 degrees within the body 
from a normal of 37° (98.6° F.) indicate serious disorders. The human 
ear perceives neither the longest nor the shortest sound waves which 
physical science has revealed. The eye responds to an extremely limited 
region of the known electromagnetic wave spectrum. Nerves are highly 
sensitive to small changes in electromotive force, as one can testify who 
has dashed cold water against a gold-filled molar. A delicate change 

in the potential and frequency of the normal brain waves may lead to 
convulsions. 

Drugs operate, as do all biochemical processes, according to infallible 
physical and chemical laws.' The complex interplay of various forces 
makes the mechanism and the mode of drug action difficult to compre¬ 
hend. The modes of drug action are numerous. They may act by 
osmotic properties; or they may act as acids or alkalies; they may 
increase the permeability of surfaces; they may precipitate proteins; 
some may act specifically on enzymes. 2 

It is to be regretted that the study of the physiochemical factors 
associated with or responsible for drug action has not received the 
attention it deserves. Some progress has been made, however, and it is 
the purpose of the following pages to call attention to some of the ex¬ 
planations, hypotheses, or theories that have been proposed. A critical 
review and discussion of all theories and hypotheses is beyond the scope 
of this book. These concepts are called to the attention of the student 
of today in the hope that as the investigator of tomorrow he may be 
stimulated to aid in solving the problems. 

COLLOID SCIENCE 

The whole realm of colloid science comes into play in drug action, 
but only reference can be made to it here. Solution, dispersion, particle 
size, permeability, diffusion, adsorption, desorption, osmosis, etc., all 
contribute their part. Obviously there can be no action unless the drug 
reaches the site where it is effective. To do this the molecules or parti¬ 
cles must be neither too large to pass through the living membranes, 
nor must they be otherwise impermeable. Sulfates, for example, are 

1 The interested student is referred to the excellent and thought-provoking treatise 
by Beutner, “ Physical Chemistry of Living Tissues and Life Processes,” Williams 
and W ilkins Co., Baltimore, 1933. and to a brief paper by Herrera, “ A New Theory 
of the Origin and Nature of Life,” Science, 96, 14 (1942). 

2 Many of these factors are discussed at length in special papers published in 
Transactions of the Faraday Society in 1937 and in 1943. 
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not absorbed through the intestinal wall, and their presence in the 
intestines causes water to diffuse by osmotic processes from the blood 
into the bowel so that the gut becomes loaded and the characteristic 
peristalsis is induced. Chlorides, on the other hand, readily diffuse 
and their elimination through the urinary tract sets up osmotic forces 
to produce diuresis. Similar phenomena at work throughout the various 
tissues, although on a smaller scale, may contribute to, if not completely 
account for, many distinct physiological effects. 

That it may reach the site of action the drug molecule is transported 
by the blood or lymph, whence it is taken up by the appropriate tissues. 
Drug adsorption may then follow as a result of any one or several of 
various forces. For example, it may depend on ion-exchange, as in the 
amberlite resins, 1 by hydrogen bonding, 2 by covalent bond, 3 or by other 
processes. After exerting its effect, unless it is metabolized, the molecule 
is again taken up into the blood stream for elimination. It is by such 
mechanisms that iodophthalein reaches the gall bladder, that sulfanil¬ 
amide enters the urine, and that digitalis finds its way to a specific 
lipoid in the heart. 4 - 6 It is apparent that very delicately balanced 
forces of selective adsorption and desorption are involved which play 
their part in such varied and physiologically important processes as 
agglutination, sensitization, and lysis. It is not unlikely that the 
interplay of such forces also accounts for the preferential toxicity of 
some drugs for an invading parasite rather than for the host. 

THE MEYER AND OVERTON THEORY OF NARCOSIS 

H. Meyer and Overton in 1901, first independently and later in co¬ 
operation, advanced the theory that the narcotic potency of a drug is 
proportional to its partition or distribution coefficient between the 
lipoids and water. Useful and stimulating as this hypothesis has proved 
to be, it has not been completely satisfactory for it does not account 
for many of the observed discrepancies. K. H. Meyer (son of H. 
Meyer) and Hemmi have restated the theory as follows: Narcosis 
appears if a chemically indifferent substance has penetrated into the cell 
lipoids, more correctly the lipoid alcohols of the cell substances, to reach 
a definite molar concentration. This concentration is a function of the 
animal or of the cell but is independent of the narcotic. 6 

Part of the data on which this restatement of the original theory is 
based are summarized in Tables 74 and 75. Examination of these data, 

1 Gaddum, Trans. Faraday Soc., 39, 323 (1943). 

3 Rideal, Trans. Faraday Soc., 39, 368 (1943). 

* Eley, Trans. Faraday Soc., 39, 381 (1943). 

4 Hecht, Angew. Chem., 48, 14 (1935). 

6 Albert, Pharm. J., 145, 84 (1940). 

6 Meyer and Hemmi, Biochem. Z., 277, 59 (1935). 
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Substance 


Ethanol 

n-Propanol 

n-Butanol 

Valeramide 

Anti pyrin 

Pyramidon 

Benzamide 

Dial 

Salicylamide 

Luminal 

Adalin 

o-Nitroaniline 

Thymol 

Veronal 


TABLE 74 

Nonvolatile Narcotics 


Narcotic Concen¬ 
tration in Water 
for Tadpoles, 
moles/liter 


0.33 
0.11 
0.03 
0.07 
0.07 
0.03 
0.013 
0.01 
0.0033 
.008 
.002 
.0025 
.000047 
.03 


Partition Co¬ 
efficient between 
Oleyl Alcohol and 
Water 


0.10 

0.35 



6.6 

14 

950 

1.38 


Concentration in 
the Lipoid, 
moles/liter 


0.033 
0.038 
0.02 
21 
21 
39 
33 
0.024 
0.021 
0.048 
0.013 
0.035 
.046 
0.041 


TABLE 75 
Volatile Narcotics 


Substance 


Methane 
Ethylene 
Nitrous oxide 
Acetylene 
Dimethyl ether 
Methyl chloride 
Ethylene oxide 
Ethyl chloride 
Diethly ether 
Amylene 
Dimethyl formal 
Ethyl bromide 
Dimethyl acetal 
Diethyl formal 
Dichloroethylene 
Carbon disulfide 
Chloroform 


Narcotic Concen¬ 
tration in Volume, 
Per Cent 


370 
80 
100 
65 
12 
6.5 
5.8 
5 
3 



Solubility Co¬ 
efficient, Oil to 
Gas Phase 


0.54 

1.3 

1.4 
1.8 

11.6 

14 

31 

40.6 


Concentration of 
Narcotic in 
Lipoid, molcs/liter 


.4 

50 


65 

.8 

75 

.9 

95 

.9 

100 


120 

.95 

130 

.1 

160 

.5 

265 
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along with others not given, shows that this is a more satisfactory theory 
and that it reconciles inconsistencies heretofore unexplainable. Thus 
the partition coefficient as such is of importance primarily in making it 
possible for the narcotic drug to reach the necessary molar concentration 
in the cell lipoids. 

The theories 1 - 2 3 4 attempting to link surface phenomena, adsorption, 
and cell respiration, or solubility in water with narcosis should be re¬ 
examined to determine what role the forces in question play in aiding 
the narcotic to build up to the requisite concentration in the lipoids. 

The structures of various compounds determine the nature of their 
physical properties, including the partition coefficient. Thus, it is sug¬ 
gested that strongly heteropolar compounds, with high dielectric values, 
are generally insoluble in solvents with low dielectric constants (oils, 
fats, lipoids), and that apolar substances are practically insoluble in 
water but readily soluble in fats. 8 However, this view requires amend¬ 
ment in the light of the much greater effect of hydrogen bonding on 
solubilities as shown by azeotrope studies. Another view divides the 
substituents that are bound to a basic organic skeleton into hydrophobic 
and hydrophilic groups. The hydrophobic substituents are —SCN, 
—Br, — N0 3 , —Cl, —N0 2 and —CH*; the hydrophilic members include 
—OH, — NH„ —COOH, —SO,H, etc. 6 

It is postulated 7 that the narcotic dissolved in the cell lipoids reversibly 
increases the surface tension at the oil-water interphase, and in complete 
anesthesia there is assumed to be complete cessation of protoplasmic 
motion. 8 

MOLECULAR SIZE AND SURFACE AREA 

Transport from the site of administration to the site of action requires 
the drug to pass through the various membranes in its path. It cannot 
do so if the molecule or particle is too large. Thus salvarsan and neo- 
salvarsan are less effective because of their colloidal nature, for they 
cannot penetrate tissues readily. This is not true for the more effective 
oxyphenarsine. 9 

In the estrogens, e.g., stilbestrol and its analogs, it appears that 
optimum activity is found in those compounds having the phenolic 

1 Traube, Biochem. Z., 119, 177 (1921). 

2 Gardner and Semb, J. Pharmacol 54, 309 (1935). 

3 Warburg, Biochem. Z., 119, 134 (1921). 

4 Cone, Forman, and Krantz, Proc. Soc. ExpU. Biol. Med., 48, 461 (1941). 

6 Breyer, Biochem. Z., 301, 65 (1939). 

6 Schuller, Arch, exptl. Path. Pharmakol., 167, 70 (1932). 

7 Seelich, Arch. ges. Physiol. (Pflugers ), 243, 283 (1940); C.A. , 35, 1514 (1941). 

8 Seifriz, Anesthesiology, 2, 300 (1941); C.A., 35, 4843 (1941). 

9 Binz, Ber., 70A, 127 (1937). 
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Mroxy 1 groups separated from each other by a distance of 8.55 A; as 
this distance is increased or decreased, the estrogenic activity becomes 
correspondingly less. It is suggested that estrogenic activity is associ¬ 
ated with strong hydrogen bond-forming groups separated by this 
optimum distance. If the strength of the bond-forming group is 

j by the hydrogenation of the aromatic nucleus, for example) 

male hormone^ ^ mCreased ’ the com P ound takes on the properties of a 

It has been established that in colloidal systems surface area is of 
great significance. The role that the surface area of a drug molecule 
plays in therapy ,s a field difficult to explore and remains quite un¬ 
touched. It is postulated, however, that the narcotic potency in any 
given homologous senes is approximately proportional to the surface 
area of the drug molecule.* 


MOLECULAR SHAPE 


That the shape of a molecule is highly important in drug action has 
long been appreciated. Many of the differences in the physiological 
activity of position, optical, and geometrical isomers, to which attention 
has been called in the preceding chapter, come into consideration. To 
give additional emphasis to the point, one simple example will be given, 
namely, to the position isomers obtained by introducing a methyl group 
into various positions of the simple molecule propadrine, and to the 
space isomers of the N-methyl derivatives: 



CH 3 




fY 

-CHa 


u 



CHOH—CH—CH 3 



CHOH—CH— CH 3 

I 

NH 2 

2-Am i no -1 -p-toly 1 -1 -propa not 

* 


CHOH—CH—CH 3 
I 

nh 2 

2-Ami no-1 -to- tolyl-l-propnnol 


CHOH—CH—CH 2 CH, 

I 



CHOH—CH—CHj 


nh 2 

2-Amino-l-phenyl-l-butano 

1 Schueler, Science, 103, 221 (1946). 

* King, Hall, Andrews, and Cole, J. Pharmacol., 40, 275 (1930). 


NHCH 3 

Ephedrine 
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With respect to the functional chemical groups these substances differ 
only in that ephedrine is a secondary amine; the other three are primary 
amines. It is not the secondary amine, however, that is responsible 
for the physiological activity which characterizes these compounds, 
for DL-propadrine, a primary amine, possesses slightly greater activity 
than DL-ephedrine. On the other hand, the presence of the rpethyl 
group in other positions of the molecule, on the side chain or in the 
nucleus, where it presumably affects no functional groups, has a most 
unfavorable effect on the pressor and toxic properties of the molecule 
(see page 371). The qualitative and quantitative differences between 
the optically active isomers of ephedrine have been discussed, page 665. 

A more striking example is seen in the isomers of epinephrine. 


CHjNHCH. 



CHjNHCHj 



(+) Epinephrine, 1/20 pressor 
aotivity of ( — ) epinephrine 



(—) Epinephrine [Belativo 
configuration subject to 
confirmation] 


Depending on the position taken in the molecule by the alcoholic 
hydroxyl group, even on the same carbon atom, the activity may be 
increased or decreased. 

On the other hand occasional evidence appears that the similarity 
in shape of active molecules may be more significant than composi¬ 
tion. 1 Thus 4-dimethylaminoantipyrine and 4-isopropylantipyrine 
possess similar activity. Also it is assumed that cocaine and procaine 
types of anesthetics possess certain structural similarities to choline and 
produce their effect by competing for the nerve endings. 2 

If modifications in molecular shape can produce such profound changes 

1 Pauling, Ind. Eng. News, 24, 1377 (1946). 

* Schueler, J. Chem. Ed., 22, 585 (1945). 
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in physiological activity in so comparatively simple a series of isomers, 
it may be of greater importance in complex compounds. 

Homologous, polymeric series of sulfated hexosans, pentosans and 
po yvinyl alcohols depend for their anticoagulant properties not only 
on the size of the molecule but on the shape as well; threadlike mol¬ 
ecule^ are more effective than spherocolloids. 1 

It is appropriate to call attention to the announcement that antibodies 
are formed by modifying the shape and structure of certain large blood 
protein molecules. 

OXIDATION-REDUCTION POTENTIAL 

The significance of this factor may be appreciated from the fact that 
the body is well supplied with systems for oxidation-reduction, including 
such compounds as ascorbic acid, glutathione, and cysteine. Their 
interaction with drugs of higher or lower potential may, depending on 
circumstances, modify the drug, i.e., inactivate it or perhaps activate it. 
Pentavalent arsenic, e.g., is inactive toward spirochetes, but after bio¬ 
logical reduction to the trivalent state it becomes active. Fuadin, as 
mentioned, page 493, is stable toward oxidizing agents and does not 
liberate the antimony prematurely; if the sulfonic acid groups are 
removed from the coordination compound, the catechol is too easily 
oxidized and antimony does not reach the site of action. 

It is possible that many antibiotics, especially those derived struc¬ 
turally from quinone, are effective because of their oxidation-reduction 
possibilities. 2 

HYDROGEN-ION CONCENTRATION * 

The effect of pH on drug action is a topic too extensive for discussion 
here. Its importance may be appreciated from many viewpoints, e.g., 
the effect of pH on proteins, the isoelectric point of amino acids, on 
oxidation-reduction processes, buffer systems, enzymes, electronic 
configuration, etc. 

DIELECTRIC POLARIZATION 

The introduction of certain substituents into an otherwise symmetri¬ 
cal molecule causes dipoles to be set up. Thus, butane, which is non¬ 
polar, becomes polar when the hydroxyl group is introduced. The 
negative —OH induces in the adjacent carbon atom a positive charge 
with alternations and weakening of charges along the chain with remote¬ 
ness from the oxygen atom. This theoretical assumption may explain 
the alternating toxicities of the homologous nitriles. The polar struc- 

1 von Kualla and Husemann, Experiments, 2, 222 (1946); C.A., 40, 6165 (1946). 

* Marini-Bettolo and Del Pianto, Commentationes Pontifica Acad. Sci., 10, 87 
(1946); C.A., 41, 1728 (1947). 
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H H H H 

i i U - 

HC—C—C—C—OH 


H H H H 


tures and relative toxicities of hydrogen cyanide and the alkyl cyanides 


are approximately as follows :* 
Hydrogen cyanide 1 (most toxic) 
Methyl cyanide 92.2 
Ethyl cyanide 3.56 
Propyl cyanide 1.17 
Butyl cyanide 14.3 


+ - 
H—feN 
— + — 

CHj—C^N 
+ — + — 

CHj—CHj—C=N 

+ - + - 

CHj—CHj—CHj—C=N 

+ - + -+- 

CHj—CHi—CH*—CHj—C=N 


It is difficult to fit into this conception another peculiar “ alternating ” 
effect. Dicarboxylic acids of the general structure COOII—(CIi 2 CH 2 )n- 

_COOH have the power to destroy carcinomatous cells if n is 1, 3, or 5, 

but are inactive if n is fractional or an even number. 1 2 

Rosenmund reports that the lactone of 7-(3-methyl-4-methoxy- 
phenyl)- 7 -hydroxybutyric acid possesses stronger ascaricidal properties 
than santonin, whereas the isomeric lactone of 7-(2-methyl-4-methoxy- 
phenyl)- 7 -hydroxybutyric acid is inactive.* 

A diagrammatic distribution of the charges induced by the various 
polar substituents in the two lactones reveals that the active compound 
is more polar. 


o-CO 

I I 

H—C-CH 2 -CH 2 



O-CO 

H-C-CH 2 -CH 2 


ch 3 



och 3 




Lactone from o-creaol, 
active 


Lactone from m-cresol, 
inactive 


Rosenmund attributes the difference in activity to differences in polarity. 
By extending Rosenmund’s theory of dipole effect, Muller explains 


1 Mameli, Boll. chim. farm., 68, 491 (1929). 

2 Freund and Kaminer, Wien. klin. Wochschr., 32, 1105 (1919), through Mameli, 
loc. cit. 

’Rosenmund, Angeiv. Chem., 48, 701 (1935). 
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odor. 1 Unbalanced molecules reacting with the “ osmoceptors ” of the 
olfactory senses set in motion forces that are perceived as odors. 

HOMOLOGY 

The full significance of homology in pharmacodynamic activity is not 
yet understood, perhaps because in medicinal chemistry it is the unusual 
property that is useful and sought rather than the most characteristic 
property of a given homologous series. It is suggested, however, that 
withm limits there is a relationship between the logarithm of the ther¬ 
modynamic activity required for equi-effective biological activity and 
the length of the carbon chain. This is demonstrated especially for the 
hemolytic effect of alkyl acetates on ox blood; for the bactericidal action 
of homologous alcohols on S. aureus ; for the paraffin hydrocarbons in 
their narcotic effect on mice; for alcohols in their inhibition of the 
development of the sea-urchin egg; and for alcohols in their narcotic 
effect on tadpoles. The average increase in the logarithm of the 
thermodynamic activity for each —CH*— increase is 0.10. 2 

RAMAN SPECTRUM 

Dyson advances the attractive hypothesis that odors may be scien¬ 
tifically explained on the basis of vibrational movements of molecules, 
namely, the Raman shift. 3 If molecules with Raman frequencies within 
the range of “ osmic sensation ” come in contact with the olfactory 
apparatus, the sensation is that of odor, and the type of odor depends 
on the magnitude of the Raman shift. According to this hypothesis 
the olfactory sensation, like that of vision and hearing, depends on a 
form of wavelength and vibration. The following is Dyson's classi¬ 
fication of odors: 


Raman shift 

Type of odor 

1700 

Aldehydes and ketones 

1800 

Esters, terpene aldehydes 

1900 

2000 

Acyl chlorides (excluding chemical effect) 

2100 

Acetylenes 

2200 


2300 

Chlorinated aromatic hydrocarbons 

2400 


2500 

Mercaptans 

2700 

Ether types 

2800 

Higher aliphatic hydrocarbons 

3000 

Aromatic hydrocarbons 

3200 

Heterocycles and amine bases 

3300 

Pyridine, pyrrole, etc. 


1 Muller, Perfumery Essen. Oil Record , 27, 202 (1936). 
a Badger, Nature, 158, 585 (1946). 

3 Dyson, Chemistry & Industry, 57, 647 (1938). 
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ELECTROMOTIVE FORCE 


Substances that influence electropotential difference stimulate the 
tissues in the smallest doses. It is this thought which leads to the 
conclusion that perhaps the action of some highly toxic substances may 
be caused by electrical changes. In line with this reasoning the effect 
of varying concentration of alkaloids on the electromotive force of a 
model cell was observed. 1 The model cell was set up as follows: 



KC1 solution 

Nitrobenzene 

Physiological 
saline with 0.02% 

KC1 solution 

saturated with 

and 10% 

sodium oleate. 

saturated with 

HgCl 

oleic acid 

Alkaloid added 

HgCl 



here 



The normal electromotive force of this cell, without any alkaloid added, 
is approximately 85 mv. The change in electromotive force produced 
by adding the indicated amounts of alkaloids is given below. 


Substance 

mg ./100 cc. 

Decrease in e.m.f., mv. 

Pilocarpine 

1 

33 


2 

43 


5 

67 


10 

69 

Atropine sulfate 

0.2 

7 


1 

25 


2 

40 


6 

67 


10 

71 

Strychnine sulfate 

0.1 

4 


0.2 

9 


0.5 

18 


1.0 

31 

Cocaine hydrochloride 

0.2 

10 


1 

49 


5 

94 

Quinine hydrochloride 

0.5 

4 


1.0 

11 


2 

17 

Morphine sulfate 

1 

0 


2 

6 


5 

11 


10 

18 

Caffeine 

0.5 

1 


2 

2 


10 

4 


1 Beutner, J. Pharmacol., 31, 305 (1927). 



692 PHYSICOCHEMICAL PROPERTIES OF MEDICINAL PRODUCTS 

It appears that these highly active, toxic substances, in amounts 
that are found medicinally active, produce an appreciable variation 
in the model cell, and the assumption does not seem unwarranted that 
this artificial system may respond, at least as far as change in electro¬ 
motive force is concerned, much like living tissue. 

A solution of acetylcholine also produces electronegativity when 
in contact with oils or lipoids, or when in contact with the skin. In 
a cell similar to that described it was found that 0.03 per cent mecholyl 
and nitrobenzene in saline solution produced a negative potential of 
200 mv. The lowest effective concentration of acetylcholine chloride 
gave a negative potential of 5 mv. in a concentration of 1 : 10 -8 . What¬ 
ever theory of acetylcholine innervation may finally be accepted, the 
electromotive activity of this substance in such high dilutions is impres¬ 
sive to say the least. 1 

Prostigmine, in such a model cell, has much greater activity than 
acetylcholine. This may aid in explaining why it exhibits properties in 
addition to its anticholinesterase toxicity. 2 

It has long been known that clinically effective anticonvulsant drugs 
are also effective against electrically induced convulsions. It was by 
testing against such convulsions that diphenylhydantoin was dis¬ 
covered. 3 

Beutner explains the action of many drugs on the basis of electro¬ 
motive variation. 4 

Electrical potential differences in tissues have a vital function, and 
naturally any foreign chemical that modifies the normal potential 
difference, or rectifies an abnormal electromotive force, is bound to 
show drug action. 

Complete inhibition of all these forces is a general property of all 
narcotic substances. 6 

By electrophoretic methods mammalian sperm has been separated 
into anodic and cathodic fragments. Artificial insemination, in rabbits, 
showed that sperm migrating toward the anode resulted in the birth 
chiefly of females and toward the cathode chiefly in males. These 
differences are associated with the presence of X or Y chromosomes.® 

The measurement of electrokinetic potential serves as a means of 
predicting the susceptibility of bacteria to antibiotics. For example, 
the addition of bacteriophage to E. coli results in an immediate rise in 

1 Beutner and Barnes, Science, 95, 212 (1942). 

2 Barnes and Mauer, Arch, internal, pharmacodynamie, 73, 386 (1947). 

3 Barany and Stein-Jensen, Arch, internal, pharmacodynamie, 73, 1 (1946). 

4 Beutner, Z. physik. Chem., 139, 107 (1928). 

5 Beecher, J. Neurophysiol., 3, 347 (1940). 

6 Schreder, Z. Tierzucht. Ziichlungsbiol., 50, 1 (1941); C.A., 39, 2792 (1945). 
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electric potential, reaching a maximum in 5 to 15 min. With inactive 
bacteriophage, or if dead organisms are used, no rise occurs. Bacteri¬ 
ostatic substances, such as penicillin, give a rise of longer duration. It is 
suggested that the drug is adsorbed on the surface of the organisms 
which then dissociate into charged particles. 1 

THE PERIODIC TABLE 

Of inestimable value to the inorganic and physical chemist, the peri¬ 
odic table has not been used to any appreciable extent by the medicinal 
chemist. Except hydrogen and a few metals (used in the synthesis 
of organometallic compounds such as the mercurials) practically all 
the elements that are used in the construction of medicinal molecules 
are found in the upper right-hand corner of the old Mendeleeff table. 


IV 

V 

VI 

VII 

c 

N 

o 

F 


P 

S 

Cl 


As 

Se 

Br 


Sb 


I 


The chemist is always impressed with the families of the elements. 
In group VII the three halogens, chlorine, bromine, and iodine, are 
very similar, with gradual change in properties as the weight increases. 
In organic compounds there is an analogous relationship between the 
corresponding halogenated derivatives, whether they are chlorides, 
bromides, or iodides, and again a regular shift in properties appears 
with increase in the weight of the halogen atom. It is not surprising, 
therefore, to find considerable similarity in drug properties. These 
have been indicated in earlier chapters. Fluorine has not been properly 
classified with respect to its sister halogens. 

An effort has been made to classify the biological functions of the 
elements according to their position in the periodic table; in group V6 
are found the chemotherapeutic elements; in VI6 the catabolic elements; 
and in VIII those that modify violent reactions. 2 

Certain analogies between the organic compounds of arsenic and anti¬ 
mony are well recognized. Considerable similarity is seen in the work of 
Welch and Roepk 3 between phosphorus and arsenic analogs of choline: 

+ + 
[(CH 3 ) 3 NCH 2 CH 2 OH]OH [(CH 3 )3PCH 2 CH 2 OH]OH 

Choline Phosphocholine 

+ 

[ (CH 3 )3AsCH 2 CH 2 OHJOH 

Arsenocholinc 

1 Dorfraan et al., Biokhimiya, 10, 407 (1946); C.A., 40, 3156 (1946). 

2 Valcarel, Med. espan., 16, 558 (1945); C.A., 40, 5076 (1946). 

3 Welch and Roepke, J. Pharmacol ., 55, 118 (1935). 
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They found that phosphocholine chloride and arsenocholine chloride 
possess qualitatively the same type of action as choline chloride; 
quantitatively phosphocholine was 77 per cent and arsenocholine was 
3.5 per cent as active as choline. The three acetyl derivatives were also 
qualitatively identical; acetylphosphocholine was approximately 8 
per cent and acetylarsenocholine little more than 1 per cent as active as 
acetylcholine. 

Oxygen and sulfur show similarities only when S= is considered. 
Otherwise there is appreciable divergence. 

All these analogies, it will be seen, deal with relationships within 
the same families of the periodic table. It is also possible to cross from 
one group to another. Pyridine, CsH s N, m.w. 79, is very much like 
benzene, C«H«, m.w. 78. Thiophene, C«H«S, m.w. 84, in many ways 
is more aromatic even than pyridine. Since none of these unsubsti¬ 
tuted cycles has drug properties, a comparison of medicinal virtues 
cannot be made. Corresponding derivatives of such isosters, however, 
frequently show unusual parallelisms. An excellent illustration of this 
is that of the sulfanilamide derivatives, e.g., sulfanilanilide, sulfathiazole, 
sulfapyridine, sulfapyrazine, etc. 

Ethers may be looked upon as isosters of hydrocarbons, page 121. 
A parallelism exists between oxygen and nitrogen compounds, page 314. 

A further extension of these ideas would include the comparison of 
the physiological activities of a molecule, M—X, in which X represents 
the first elements (joined by a single bond, the other valences being 
satisfied with hydrogen) of groups IV, V, VI, and VII of the periodic 
table, e.g.: 

M—CHj M—NH* M—OH M—F 

(15) (16) (17) (19) 

All of these have approximately the same molecular weight, the elec¬ 
tronic structures should be quite similar, and the variation in molecular 
size should not be great. Such series are rare, but as an illustration the 
following may be cited: 

CH, 


CHOH—CH—CHs 




ii 




NHa 

I 
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All these compounds are known, but unfortunately adequate pharma¬ 
cological data are not available to permit full comparison. Certain 
similarities, however, are apparent. All four compounds are pressors. 
II, III, and IV are reported not to show tachyphylaxis, which is charac¬ 
teristic of the unsubstituted parent compound; I has not been examined 


for this property. 

Another hypothetical series is 
ethylamine, namely: 

structurally derived 

from /3-phenyl- 

C«H6 

C*H* 

i 

CeH* 

| 

CaH* 

| 

1 

CH—CHa—NHa 
■ 

1 

CH—CHi—NH a 
1 

CH-CHa-NHa 

1 

OH 

VII 

CH—CHa—NHa 

1 

1 

CHa 

V 

1 

NHa 

VI 

1 

F 

VIII 


Of these, V and VII are known. Both are very much less toxic than 
the unsubstituted compound and show a more dependable pressor action 
than 0-phenylethylamine. Salts of the two compounds show remark¬ 
ably similar behavior in melting point and solubility. 

ISOTOPES AND RADIOACTIVE TRACERS 

No new compounds of medicinal merit are expected immediately 
as a result of the availability of the various isotopes. However, by 
observing the fate of a medicinally active substance as it passes through 
the living organism, using an isotope or a radioactive isotope as a tag 
or tracer, the modus operandi will be better understood, and therapy 
will profit. For example, by means of radioactive elements, such as 
sodium, potassium, calcium, iron, nitrogen phosphorus, and especially 
by means of radioactive carbon, the fate, degradation, elimination, and 
perhaps the biochemical activity of many medicinally and biologically 
active materials will be better understood. 1 





1 Seaborg, Science, 105, 349 (1947). 
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2,4-D, 235 
” 606,” 489 
” 666,” 53 
“ 914,” 491 
” 929 F,” 333 
” 1080,” 224 
“ 1399 F,” 473 
” 1571 F,” 333 
“ 2339 RP,” 342 
” 3015 RP," 336 
” 3277 RP,” 336 
“ 3349,” 562 
“ 4888,” 428 
”8502,” 118 

Abietic acid, 220 
Absolute alcohol, 72 
Absolute ether, 125 
Acacia, 176 
Acetal, 136, 168 

Acetaldehyde, 48, 77, 139, 143, 237 
Acetamide, 397 
Acetamidine, 363 

Acetaminobenzenesulfonic acid, 322 
Acetaminophcnoxyacetamide, 332 
Acetaminophenyl benzoate, 331 
Acetaminophenyl salicylate, 332 
Acetanilide, 322, 398 
Acetanilidsulfonic acid, 322 
Acetannin, 194 
Acetarsone, 486 

Acetethylaminophenyl benzoate, 332 
Acetic acid, 187, 207, 208, 210, 224 
Acetic anhydride, 239, 240 
Acetoacetic ester synthesis, 206, 264 
Acetoin, 147, 152 
Acetone, 16, 25, 74, 150, 238 
Acetonechloroform, 117 
Acetonitrile, 434 
Acetophenetidin, 330 
Acetophenone, 160 
Acetopyrine, 602 
Acetoxybromobenzoic acid, 262 
Acetoxybromobutane, 658 


Acetoxypropanoic acid, 658 
Acetylalanine, 643 
Acetylbenzene, 160 
Acetyl chloride, 239 
Acetylcholine, 327, 692 
Acetylcolchinol methyl ether, 318 
Acetyldigitoxose, 187 
Acetylene, 10, 20, 684, 690 
hydration, 71 
Acetylenic alcohols, 66 
Acetyliodocolchinol, 318 
Acetyllactic acid, 643 
Acetyl methoxybenzaldchyde, 160 
Acetylmethylcarbinol, 152 
Acctylmethylcholine, 327 
Acetylphenylhydrazine, 375 
Acetylphloroglucinol, 517 
Acetylpyridine, 538 
Acetylsalicylic acid, 260 
Acctylsulfanilamide, 462, 470 
Acetylsulfanilyl chloride, 462 
Acetyltannic acid, 194 
Achroddextrin, 174 
Acid anhydrides, 208, 239 
Acid chlorides, 690 
Acid halides, 239 
Aconitic acid, 232 
Acopyrine, 602 
Acridine, 567 
^Acriflavine, 568 
Acrolein, 139, 148 
Acrose, 141 
Acrylic acid, 217 
Actidione, 426 
Actinomycetin, 415 
Actinomycin, 415 
Activated complex, 295 
Activators, 299 
Acyl halides, 208 
Acyloin condensation, 147 
Adalin, 404, 684 
1,4-Addition, 15 
Addition reactions, 11 
Adenine, 626 
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Adenosine triphosphate, 299 
Adermin, 621 
Adipic acid, 215, 413 
Adonitol, 653 

Adrenal cortex hormones, 194 
Adrenalin, 365 
Adrenochrome, 532 
Adrenoxine, 532 
Adsorption, 656 
Aerosol, 456 
Aerosporin, 426 
Aesculin, 184 
Agar, 177 
Aglucon, 180 
Aglycon, 180 

Alanine, 384, 391, 392, 641, 643, 664 
Albaspidin, 164, 288 
Albolene, 7 
Albucid, 470 
Albumcnoids, 407 
i^bumins, 407 

.^'"'Albumin tannate, 412 
Alcapton, 235 

Alcohol of crystallization, 67 
Alcohols, acetylenic, 66 
aromatic, 97 
dehydration, of, 10 
oxidation of, 67, 134 
phenolic, 115 
unsaturated, 79 
Aldehydes, 134, 690 
aliphatic, 139 
reduction of, 64 
Aldehydic acids, 236 
Aldehydrol, 168 
Aldimines, 138 
Aldobionic acid, 176 
Aldohexose, 169, 650, 653 
Aldol condensation, 137, 144 
Aldopentoses, 650, 651 
^-Aldose, 169, 650 
—^ Aldotetroses, 648 
Aleudrin, 369, 402 
Algin, 179 
Alizerine, 163 

Alkaloids, biosynthesis of, 552, 572, 592 
__—-^Alkanes, 1 

Alkanolamines, 324 
Alkenes, 9 
Alkine, see Alkyne 
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Alkoxycinchoninic acid, 347 
Alkyl cyanides, 247 
Alkylencs, 9 
Alkylimidazoline, 605 
Alkyl magnesium halide, 46 
Alkyl phenols, 107 
Alkyl sulfates, 248 
Alkyne, 20 
Allantoin, 609 
Allene compounds, 14 
Allergenic extracts, 412 
Allocaine, 349 
Allonal, 614 
Allopregnanolone, 197 
Allopseudocodeine, 579 
Allose, 650, 655 
Alloxan, 614 
Allurate, 612 
Allyl alcohol, 69, 80 
Allylanisole, 130 
Allyl chloride, 78 

Allylcyclopentenylbarbituric acid, 612 
Allylguaiacol, 131 
Allylisobutylbarbituric acid, 612 
Allylisopropylbarbituric acid, 612 
Allylisopropylurea, 404 
Allyl isothiocyanate, 186, 284, 313, 345 
Allylmethylbutylbarbituric acid, 612 
Allyloxyaminonitrobenzene, 443 
Allylphenol, 99 
Alminate, 391 
Aloe emodin, 185 
Aloe-emodinanthrone, 185 
Alphenate, 612 
Altrose, ‘650, 655 
Aludrine, 369 
Aluminum carbide, 4 
Aluminum dihydroxyaminoacetate, 391 
Aluminum ethoxide, 72 
Aluminum oleate, 282 
Aluminum soaps, 212 
Alypin, 349, 355 
Amaranth, 379 
Amber, 288 
Amberlite, 290 
Amber petrolatum, 8 
Amide formation, 311 
Amides, 396 
hydrolysis of, 205 
Ami dines, 426 
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Amidone, 380 
Amidopyrine, 599 
Amigen, 394 
Amines, 305, 690 
Aminoacetic acid, 384, 390 
Aminoacetophenone, 436 
Amino acid oxidase, 294, 295 
v^^Amhro acids, 382 
unnatural, 664 
Aminoadipic acid, 386, 413 
Amino aldehydes, 380 
Aminoantipyrine, 600 
Aminoaurothiosalicylate, 499 
Aminoazotoluene, 378 
Aminobenzene, 321 
Aminobenzenephosphonous acid, 479 
Aminobenzenesulfonamide, 465 
Aminobenzenesulfonic acid, 460 
Aminobenzoic acid, 395, 474, 621 
Aminobenzothiazole, 617 
Aminobenzoylglutamic acid, 403 
Aminobutanol, 326 
Aminocaproic acid, 384, 392 
Aminoethylpropanediol, 326 
Aminoglutaric acid, 385 
Aminoguanidinovaleric acid, 385 
Aminoheptano, 317 
Aminohydroxyadipic acid, 386 
Aminohydroxybutyric acid, 384 
Aminohydroxyglutaric acid, 385 
Aminohydroxyphenylareine oxide, 487 
Aminohydroxyphenyldichlorarsine, 488 
Aminohydroxyphenylpropionic acid, 384 
Aminohydroxypropionic acid, 384 
Aminoimidazolepropionic acid, 385 
Aminoindolepropionic acid, 385 
Aminoisocaproic acid, 384 
Aminoisovaleric acid, 384 
Amino ketones, 380 
Aminoketopurine, 626 
Aminomalonic ester synthesis, 388 
Aminomethylbenzenesulfonamide, 472 
Aminomethylpropanediol, 326 
Aminomethylpropanol, 326 
Aminomethylpyrimidone, 610 
Aminomethylthiolbutyric acid, 385 
Aminomethylvaleric acid, 384 
Aminonicotinic acid, 396 
Aminophenacetin, 331 
Aminophenol, 329 


Aminophenylbutanol, 686 
Aminophenylpropionic acid, 384 
Aminophosphonic acids, 479 
Aminopropadrine, 694 
Aminopropanol, 565 
Aminopropionic acid, 384, 392 
Aminopropiophenone, 382, 436, 661 
Aminopurine, 626 
Aminopyrimidone, 610 
Aminopyrine, 599 
Aminoquin, 559 
Aminosalicylic acid, 396 
Aminosuccinic acid, 384 
Amino sugars, 382 
Aminosulfanilylthiazole, 473 
Aminotetrachlorodiphenyl ether, 132 
Aminothi&zole, 617 
Aminothiolpropionic acid, 385 
Aminotolylpropanol, 686 
Aminotrichlorodiphenyl ether, 132 
Amino valeric acid, 392 
Aminovalerophenone, 382 
Ammonia, 565 
Ammoniacum, 288 
Ammonia system, 314 
Ammonium chloroheptenarsonate, 482 
Artfinonium compounds, 305 
Ammonium hydroxide, 306 
Ammono-acid, 315 
Ammono-alcohol, 315 
Ammono analogs, 360 
Amolonin, 191 
Amphetamine, 368 
Amphomate, 221 
Amydricaine, 355 
Amygdalase, 181 
Amygdalin, 181 
Amyl alcohol, 62, 63, 68 
Amylamine, 306 
Amylaminobenzoxyethane, 355 
Amylaminoethyl aminobenzoate, 355 
Amylase, 293 
Amylbenzene, 33 
Amyl butyrate, 253 
Amyl carbamate, 402 
Amyl chloride, 54 
(Amy ldimethy lpyrrole ) 

(dimethylquinoline)-dimethine- 
cyanine chloride, 570 
Amylene, 684 
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Amylene dichloride, 54 
Amylene hydrate, 69, 74 
Amyl mercaptan, 445 
Amylmcrcury chloride, 503 
Amylmethoxyquinoline, 551 
Amyl nitrite, 249 
Amylodextrins, 174 
Amylphenol, 102 
Amylresorcinol, 102 


Anisole, 122, 129 
Antergan, 334, 342 
Anthallan, 338 
Anthisan, 335 
Anthocyanidins, 518 
Anthocyanin, 518 
Anthoxanthin, 185 
Anthracene, 34, 184 
Anthralin, 107 


Amylsine, 351, 355 
Amylum, 174, 293 
Amytal, 612 
AN-148, 381 
Anabasine, 547 

Anagyrine, 594 _ 

Analgesin, 598 
Anatabine, 547 
Androgenic hormones, 199 
Androstane, 199 
Androstancolone, 199 
Androstencolone, 199 
Androsteronc, 199 
Anemone camphor, 266 
Anemonin, 266 
Anesthesia, history of, 50 
local, 343 
Anesthesin, 345 
Anesthcsiophore group, 345 
Anethole, 129, 130, 284 
Aneurin, 621 

Angelic acid, 217, 278, 678 
Angelica lactone, 189 
Angostura alkaloids, 551 
Anhalamine, 572 
Anhalidine, 572 
Anhaline, 572 
Anhalinine, 572 
Anhalonidine, 573 
Anhaloninc, 573 
Anhalonium alkaloids, 572 
Anhydrides, acid, 208, 239 
Anhydroglucochloral, 166 
Anhydrohydroxymethylenetetrahydro- 
pyronecarboxylic acid, 516 
Anhydro-ouabagenin, 187 
Anhydrothevetigcnin, 187 
Anhydrohydroxyprogesterone, 196, 198 

Aniline, 306, 321, 439 
Anisaldehyde, 147 
Anisidine, 130 


Anthranilic acid, 395 
Anthranol, 185 
Anthraquinone, 163, 184 
Anthratriol, 107 
Anthrone, 185 
^--Antiancmic factor, 621 
Antibcribcri factor, 621 
Antibiotics, 414 

clectrokinetic potential of, 692 
Antidermatitis factor, 621 
Antifreeze, 70, 77 
Antienzymes, 300 
Antifebrin, 322 
Antihistamines, 333 
Antimalarial8, 558 
Antimony compounds, 493 
Antimony sodium thioglycolatc, 493 
Antimonythioglycolamidc, 493 
Antineuritic factor, 621 
^^Afjtipyrine, 598, 684 
^Aaitisepsin, 322 

_^^Antisepsis, 100 

Antistine, 336 
Antisulfanilamide, 395 
Antithermin, 375 
Antiurease, 300 
ANTU, 455 
Antuitrin, 197 
Apigenin, 519 
Apiin, 170, 289 
Apiole, 130, 289 
Apiose, 170 
Apocupreine, 554 
Apoenzyme, 294 
Apomorphine, 581 
Aponal, 402 
Apothesine, 356 
l Arabic acid, 177 
Arabinosazone, 653 
Arabinose, 169, 176, 650, 653 
Araboascorbic acid, 269 
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Arabitol, 653 
Araboflavin, 624 
Arachidic acid, 213 
Arachidonic acid, 219 
Arbutin, 182, 183 
Arecaidine, 543 
Areca nut alkaloids, 543 
Arecoline, 543 
Arginase, 297 

Arginine, 383, 385, 391, 411, 621 
Argyn, 412, 501 
Argyrol, 501 
Aristol, 119 
Aromatic acids, 222 
Aromatic aldehydes, 145 
Aromatic amines, 321 
Aromatic ethers, 129 
Aromatic hydrocarbons, 31 
Aromatic ketones, 159 
Arrow poison, 583 
Arsanilic acid, 483 
Arsanilide, 484 
Arsenic oxide, 480 
Arsenic sulfide, 480 
Arscnobenzene, 488 
Arsenobcnzol, 489 
Arsenocholine, 694 
Arsenophenylglycine, 489 
Arsenosophenylbutyric acid, 487 
Arsine, 478, 481 
Arsonophenylglycineamide, 486 
Arsphenamine, 489 
Arterenol, 365 
Aryl carbonates, 258 
Arylhydrazones, 138 
Asafetida, 288 
Asarone, 130 
Ascaridole, 132, 284 
Ascorbic acid, 267, 374, 664 
Ascorbic-dehydroascorbic acid 
374 

Asparagine, 644, 663 
Aspartic acid, 384, 391, 638 
Aspergillic acid, 421 
Aspergillin, 421 
Aspidinol, 164, 288 
Aspidium, 288 
Aspirin, 260 

Asymmetric synthesis, 660 
Atabrine, 562 


Atoxyl, 483 
ATP, 299 

Atropine, 358, 585, 691 

Auromercaptoethanesulfonate, 499 
Aurothiobenzimidazolecarboxylate, 

499 

Aurothioglucose, 499 
Aurothiomalate, 500 
Aurothiopropanolsulfonate, 499 
Auwers — Skita rule, 669 
Auxin, 530 
Avertin, 116 
Avirol, 75, 284 
Axerophthol, 87, 91 
Azelaic acid, 215 
Azobenzene, 440 
Azochloramide, 429 
Azo dyes, 378 
Azosulfamide, 471 
Azoxybenzcne, 440 
Azulene, 36 
dimethylisopropyl-, 37 

Bacitracin, 424 
Bakelite, 100, 291 
BAL, 453 
Balsams, 285 
Barbaloin, 185 

Barbier-Wieland method, 498 
Barbital, 612 
Barbituric acid, 611 
Bart’s synthesis, 484 
Bassoric acid, 177 
Bassorin, 177 
Batyl alcohol, 127 
Bayer 205, 405 
BDII, 127, 312 

^^Bett=chair isomerism, 671 
Beeswax, 75, 253, 254 
system, Behenic acid, 213 

Benadryl, 57, 334, 341 

Benestrol, 114 

Benzal chloride, 56, 145 

Benzaldehyde, 145, 147, 284, 290, 367 

Benzalkonium chloride, 320 

Benzamide, 397, 684 

Benzamidosemicarbazide, 375 

Benzanthracene, 35 

Benzedrine, 368 

Benzene, 32, 33 
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Benzhydryl dimethylaminoethyl ether, 
334 

Benzin, 1, 7 

Benznaphthalene, 34 

Benzocaine, 357 

Benzoic acid, 222, 259, 289 

Benzofuran, 514 

Benzoin, 146, 289 

Benzoin condensation, 146, 513 

Benzonaphthol, 258 

Bcnzopyran, 515 

Benzopyridine, 549, 571 

Benzopyrrole, 529 

Benzoresinol, 290 

Benzosol, 258 

Benzosulfimide, 459 

Benzothiophene, 514 

Benzotrichloride, 56 

Benzoylacetyl monoxime, 367 

Benzoylalanine, 643 

Benzoyl chloride, 239 

Benzoyllactic acid, 643 

Benzpyrene, 35 

Benzyl alcohol, 97, 284 

Benzylamine, 306 

Benzyl benzoate, 258, 290 

Benzyl bromide, 57 

Benzylcarbinol, 97 

Benzyl chloride, 56 

Benzyl cinnamate, 286, 290 

Benzyl dimethylaminophenylethylpropi- 

onate, 357 
Benzyl ethers, 128 
Benzyl fumarate, 257 
Benzylideneaminoantipyrine, 600 
Benzylimidazoline, 605 
Benzylphenyl carbamate, 402 

Benzylphenyldimethylethylenediamin, 

334 

Benzylresorcinol, 102 
Benzyl succinate, 256 
Benzylsulfanilamide, 473 
Benzyl thiamine, 620 
Berberine, 581 
Betaine, 316, 321 
BHC, 53 
Biacetyl, 152 
Bicyclooctatriene, 38 
Biebrich scarlet red, 378 
Bile acids, 233 


“ Bios,” 83 
Biotin, 606, 621 

Bischler-Napieralski reaction, 576 
Bismarsen, 492 
Bismocymol, 509 
Bismosol, 509 

Bismuth ethyl camphorate, 509 
Bismuth potassium tartrate, 509 
Bismuth sodium tartrate, 509 
Bismuth sodium thioglycolate, 453 
Bismuth subsalicylate, 509 
Bisnorcholanic acid, 498 
Bisulfite adduct, 136 
Biuret, 404 
Biuret reaction, 409 
Bladan, 251 
Blanc’s rule, 214 
Bone oil, 525 

Borneol, 29, 86. 156, 284, 672 
Bomyl acetate, 156, 284 
Bomyl benzoylformate, 662 
Bornyl chloride, 156 
Brassidic acid, 218 
British antilewisite, 453 
Bromelin, 301 
Brometone, 118 
Bromine compounds, 54 
Bromoacetanilid, 322 
Bromoacetic acid, 224 
Bromoantipyrine, 600 
Bromoaspergillic acid, 421 
Bromoaspirin, 262 
Bromobenzyl cyanide, 436 
Bromodiethylpropanoylurea, 404 
Bromodimethylpropanoylurea, 404 
Bromoethane, 43, 55 
Bromoform, 42, 55 
Bromomethane, 42, 54 
Bromopropionic acid, 641 
Bromothen, 335 
Bromsalizol, 118 
Bromural, 404 
Brucine, 533 
Buchu camphor, 155 
Bulbocapnine, 583 
Butacaine, 354 
Butadiene, 10, 15, 314 
Butamin, 355 
Butanal, 139 
Butandioic acid, 215, 216 
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Butane, 2, 3 
Butanefrine, 370 
Butanethiol, 445 
Butanoic acid, 211 

Butanol, 62, 67, 69, 74, 80, 658, 684, 689 
Butanone, 150, 151 
Butenal, 148 
Butendioic acid, 219 


Butene, 10, 14 
Butenyl mercaptan, 446 
Buteain, 345, 357 
Butesin picrate, 357 
Butolen, 402 

Butoxyaminonitrobenzene, 443 

Butoxyaminopyridine, 537 

Butyl alcohol, 62, 66, 67, 68, 74, 663 

Butylamine, 306 

Butyl aminobenzoate, 345, 357 

Butylbenzene, 122 

Butyl carbinol, 63 

Butylcellosolve, 128 

Butylchloral hydrate, 167 

Butyl chloride, 54 

Butyl cyanide, 689 

Butylene glycol, 152 

Butylidene chloride, 54 

Butyl mercaptan, 445 

Butylmercury chloride, 603 

Butylphen, 111 

Butylphenol, 102, 111 

Butyl resorcinol, 102 

Butyl sulfide, 447 

Butylthiamine, 621 

Butyn, 354 

Butyraldehyde, 139 

Butyramide, 397 

Butyric acid, 207, 211, 277 

Butyropalmitostearin, 276 

Butyryl chloride, 239 

Butyrylfilicinic acid, 164 


C-5581-H, 337 
Cacodyl, 480 
Cacodylic acid, 481 
Cactus alkaloids, 572 
Cadalene, 37 
Cadaverine, 316 
Cadet's liquid, 480 
Cadinene, 284 
^^Caffeine, 627, 691 


Calabash curare, 583 
Calciferol, 94 
Calcium carbide, 20, 72 
Calcium creosotate, 131 
Calcium gluconate, 230 
Calcium iodobehenate, 226 
Calcium iodostearate, 255 
Calcium lactate, 228 
Calcium levulinate, 236 
Calcium pantothenate, 400 
Calomelol, 412 
Camphane, 28, 29 
Camphanone, 156 
Camphene, 284 
VCamphor, 29, 156, 284, 672 
Camphorcarbonic acid, 659 
Camphoric acid, 221 
Camphors, 283 
Canadine, 581 
Canavanine, 386 
“ C " and “ Z ” isomerism, 671 
Cane sugar, 173 
Cannabidiol, 115 
Cannabinol, 115 

Cannizzaro reaction, 138, 147, 237, 613 

Cantharic acid, 241 

Cantharidin, 240 

Capric acid, 207, 213, 277 

Caproic acid, 207, 213, 277 

Caprokol, 111 

Caprylic acid, 207, 211, 213, 277 
Caprylic alcohol, 62 
Capsaicin, 289, 398 
Capsicine, 289 
Capsicum, 288 
^Caramel, 173 
Carane, 28 
Carbachol, 328 
Carbamic acid, 401 
Carbamide, 403 

Carbaminophenylarsonic acid, 486 
Carbamylcholine, 328 
Carbamylurea, 404 
Carbarsone, 486 

Carbethoxymethylpiperazine, 632 
Carbinol, 62 
Carbitols, 66, 128 
Carbohydrates, 168 
Carbolic acid, 100, 103 
Carbon bisulfide, 51, 454, 684 
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Carbon dioxide, 209 
Carbonic acid, 209 

Carbon monoxide, hydrogenation of, 70 
Carbon tetrabromide, 42 
Carbon tetrachloride, 42, 47, 50 
Carbon tetrafluoride, 42 
Carbon tetraiodide, 42 
Carbonyl group, 134 
Carboxyl group, 204 
Carboxyphenylmethanesulfonanilide, 
474 

Carbromal, 404 
Carbylamine reaction, 312 
Carcinogens, 35 
Cardiac glycosides, 186 
Carene, 28, 284 
Cargentos, 412, 501 
Carnauba wax, 75, 253 
Carnegia alkaloids, 573 
Carnegine, 573 
Camosine, 664 
Caronamide, 474 
Carotene, 29, 30, 87 
Carotenols, 92 
Carphenol, 402 

Carvacrol, 85, 98, 99, 111, 155, 284 

Carvomenthol, 85 

Carvone, 155, 284 

Caryophyllene, 38 

Casein, 407, 411 

Castor oil, 280 

Catalase-ethyl hydrogen peroxide, 294 
Catalysis, 292 
Catechol, 98, 105 
C-Curine, 584 
C-Dihydrotoxiferine, 584 


Cedrene, 284 
Cedrol, 284 
Ceepryn, 536 
Cellophane, 465 
Cellosolves, 66, 128 
Cellulose, 169, 175 
Cellulose ethers, 129 
Cephalin, 250 
Cerotic acid, 213 
Ceryl alcohol, 75 
Cetyl alcohol, 62, 75 
Cetyl palmitate, 253 
Cetylpyridinium chloride, 536 


Cevitamic acid, 267 


Chalcone, 519, 520 
Chamazulene, 36 
Chaulmoogra oil, 280 
Chaulmoogric acid, 220, 280 
Chavicol, 99, 130 
Cheirolin, 456 
Chemical parasol, 395 
Chemical x-rays, 323 
Chemotaxis, 680 
Chenodesoxycholic acid, 233 
Chick antidermatitis factor, 400 
Chimyl alcohol, 127 
Chinese wax, 75, 253 
«j0hiniofon, 550 
Chinosol, 550 
Chitosamine, 382 
Chloral, 165 
Chloral hydrate, 166 
Chloral hydrocyanide, 436 
Chloralose, 166 
Chloramine-T, 459 
Chloramphenicol, 443 
Chloran, 167 
Chlorarsenol, 482 
Chloretone, 117 

Chlorinated hydrocarbons, 53, 690 
Chlorinated paraffin, 53 
Chlorine compounds, 47 
Chloroacetic acid, 208, 224 
Chloroacetone, 167 
Chloroacetophenone, 167 
Chloroazodin, 429 
Chlorobenzene, 44, 56, 57 
Chlorobenzoic acid, 224 
Chlorobutane, 44 
Chlorobutanol, 117 
Chlorocosane, 53 
Chlorodiethyl sulfide, 447 
Chloroethane, 43, 44 
Chloroethyldibenzylamine, 323 
Chloroform, 42, 48, 684 
Chloroheptane, 44 
Chlorohexane, 44 
Chlorohexol, 118 
Chlorohexylphenol, 102, 118 
Chloromethane, 42, 44 
Chloromycetin, 443 
Chlorooctane, 44 
Chloropentane, 44, 62 
Chlorophenylisopropylbiguanide, 428 



INDEX 


713 


Chlorophenyl-(methyldiethlamino- 

pyrimidyl)-guanidine, 561 
Chlorophyll. 527 _ 

Chloropicrin, 440 
Chloropropane, 44 
Chloropropionic acid, 224 
Chloroquine, 559 
Chlorothen, 335 
Chlorothymol, 118 
Chlorotoluene, 56, 57 
Chlorotrinitrobenzene, 443 
Chlorovinyldichloroarsine, 482 
Cholanic acid, 221, 498 
Cholestane series, 675 
Cholesterin, 94 
«_Gholesterol, 94 

Cholesteryl diethylaminoethyl ether. 
Cholic acid, 233 

^GhtSlwe, 186, 250, 316, 327, 621, 693 
Choline esterase, 295 
Chondocurine, 584 
Chondrosamine, 382 
Chondrus, 177 
Chrisanol, 499 
Chromatography, 30 
574-Chromogen, 91 
Chromoproteins, 407 
Chrysarobin, 164 
Chrysin, 519 
Chrysophanic acid, 185 
Cibalgen, 614 
Cignolin, 107 
Cinchomeronic acid, 571 
Cinchona alkaloids, 552 
Cinchonidine, 554, 556 
Cinchonine, 553, 556 
Cinchoninone, 553 
Cinchophen, 550 
Cineol, 129, 284 
Cinnamaldehyde, 149, 284 
Cinnamic acid, 223, 259, 289, 678 
Cinnamyl alcohol, 98 
Cinnamyl cinnamate, 290 
Cinnamyl cocaine, 590 
Cis-lrans-isomerism, 671, 676 
Citral, 145, 149, 284 
Citric acid, 232 
Citrin, 521 
Citrinin, 421 
Citronellal, 139, 149 


Citronellol, 80 
Citrulline, 386 
Citrylideneacetone, 153 
Citrylidenecyanoacetic acid, 153 
Civetone, 157, 158 
Clavatin, 422 
Clavicin, 422 
Claviformin, 422 
Clemmensen reduction, 108 
Clupeine, 407 
Clymocol, 119 
Cobefrine, 369, 374 
Coca alkaloids, 589 
Cocaine, 343, 589, 691 
Cocarboxylase, 250 
Codamine, 574 
342 Codecarboxylase, 542 
Codehydrogenase, 538 
Codeine, 574, 578 
Cod liver oil, 92, 280 
Coenzyme, 292, 297, 539 
Coenzyme R, 606 
Colchicine, 317 
Collargol, 412 
u-CoHodion, 175 
Colloid science, 682 
Cologne Spirit, 71 
Colophony, 288 
Colsulanyde, 465 
Columbian Spirit, 69 
Commiphoric acid, 288 
Competitive inhibition, 295 
Condensite, 291 
Coniferin, 116, 180, 182 
Coniferyl alcohol, 116, 182 
Coniine, 544 

*■—-Conjugate double bonds, 14 ^ 
Conjugated proteins, 407 
Convallatoxigenin, 187 
Convallatoxin, 187 
Convolvulinic acid, 291 
Copaiba, 289 
Copaivic acid, 289 
Copal, 288 
Copper citrate, 232 
Copper oleate, 282 
Coprostane series, 675 
Coramine, 539 
Corbasil, 666 
Coriandrol, 81 
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Com oil, 280 

Corpus luteum hormone, 197 

Cortate, 195 

Corticosterone, 195 

Cortin, 194 

Coryfin, 85 

Cosaprin, 322 

Cotamine, 577 

Cottonseed oil, 280 

Coumarin, 183, 235, 516 

Coumarin glycosides, 183 

Cozymase, 297, 538 

Creatine, 299, 610 

Creatinine, 610 

Creosote carbonate, 257, 259 

Creosote phenylpropionate, 131 

Cresatin, 110 

Cresol, 98, 102, 109, 110 

Cresotinic acid, 260 

Cresyl acetate, 110 

Crithmene, 25 

Crocetin, 680 

Croc in, 680 

Crotonic acid, 217, 279, 677, 678 
Crotonic aldehyde, 139, 144, 148 
Croton oil, 280 
Crotyl alcohol, 80 
Cryogenin, 375 
Cryptopin, 574 
Crysethane, 499 

Crystals of diastereoisomers, 657 
Crystal violet, 376 
Cubeb, 289 
Cubebic acid, 289 
Cupreine, 554 
Curare, 583 
Curine, 584 
Cuskohygrine, 525 
Cusparine, 551 
Cyanides, 434 
Cyanidin, 518 
Cyanoacetamide, 541 
Cyanoacetic acid, 224 
Cyanogenetic glycosides, 181 
Cyanohydrin, 136, 436 
Cyanohydrin synthesis, 229 
Cyanophoric glycosides, 181 
Cyclic alcohols, 83 
Cyclic hydrocarbons, 21 
Cyclic ketones, 155 


Cyclobutane, 22 
Cyclocitral, 153 

Cyclocitrylidenecyanoacetic acid, 153 
Cyclododecahexaene, 38 
Cyclodecapentaene, 38 
Cyclohexadiene peroxide, 132 
Cyclohexandiol, 669 
Cyclohexane, 22, 671 
Cyclohexanol, 83 

Cyclohexylmethylaminopropane, 368 

Cyclohexylresorcinol, 102 

Cyclomethylcaine, 360 

Cyclononadecanone, 157 

Cyclodctatetraene, 38 

Cyclopal, 612 

Cyclopentadecanone, 158 

Cyclopentane, 22, 23 

Cyclopentene, 17 

Cyclopropane, 10, 21, 23 

Cyclopropylmethyl ether, 126 

Cyclotelluropentanedione, 616 

Cyclotridecanone, 157 

Cymarin, 187 

Cym arose, 187 

Cymene, 27, 284 

Cystazol, 143 

Cysteic acid, 386 

Cysteine, 411 

Cystine, 385, 391 

Cytisine, 594 

Cytochrome, 373 

Cytosine, 610 

Cyverine, 317 

DAAO, 295 
Dalyde, 167 
Dammar, 288 
Daphnin, 184 
Darvisul, 474 
DDT, 57 
DDT analogs, 59 
Dealkylation, 313 

Deaminocolchinol methyl ether, 319 

Decahyd ronaphthalene, 33, 674 

Decahydroquinoline, 549 

Decalin, 33, 674 

Decanal, 139, 145 

Decandioic acid, 215 

Decane, 2 

Decanoic acid, 207, 213 
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Decanol, 62 
Decanone, 150, 152 
Decapryn, 336 
Decarboxylase, 237 
Decarboxylation, 4 
Decenal, 149 

Decenedicarboxylic acid, 220 
Decholin, 234 
Decyl alcohol, 62 
Deguelin, 523 

Dehydration of alcohols, 67 
Dehydroascorbic acid, 374 
Dehydrocampestrol, 94, 95 
Dehydrocholesterol, 94, 95 
Dehydrocholic acid, 234 
Dehydrocorticosterone, 195 
Dehydrogenase, 297 
Dehydrohalogenation, 10 
Delphinidin, 518 
Demerol, 546 

Density of diasteroisomers, 657 
Deodorized kerosene, 7 
Derived carbohydrates, 176 
^^^Derived proteins, 407 
Desmotropism, 79 
Desoxyascorbic acid, 269 
Desoxycholic acid, 233 
Desoxycorticosterone, 195 
Desoxyephedrine, 368 
Desthiobiotin, 607 
Detergents, 248 
Dextri-maltose, 174 
Dextrin, 170, 174 
^^Dextrose, 170 
DFP, 252 
DHE, 45, 567 

Di(acetamidophenyl)8ulfone, 473 
Diacetoneamine, 344 
Diacetoneglucose, 136 
Diacetophenetidin, 331 
Diacetoxybutane, 658 
Diacetyl, 152 

Diacetylaminoazotoluene, 379 
Diacetyldioxime, 152 
Diacetyl monoxime, 152 
Diacetylmorphine, 577, 579 
Diacetylphenylhydrazine, 375 
Diacetyl tannin, 194 
Dial, 612, 684 

Dialkylaminoalkyl esters, 342 


Dialkylaminocyclohexanols, 350 
Dialkylaminomethyl esters, 348 
Diallylbarbituric acid, 612 
Diamidinoundecane, 427 
Diamine oxidase, 341 
Diaminoacridine, 568 
Diaminoacridinium methochloride, 568 
Diaminocaproic acid, 384 
Diaminodihydroxyarsenobenzene, 489 
Diaminodimethylribityldihydro- 
phenazine, 624 
Diaminodiphenylsulfone, 465 
Diaminodiphenylsulfonedidextrose 
disulfonate, 471 

Diaminophenylazobenzenesulfonamide, 

471 

Diaminopropionic acid, 392 
Diaminosulfamylphenylazobenzoic acid, 
473 

Diaminotriazinylaminophenyl8tibonic 
acid, 494 

Diamyl sodium sulfosuccinate, 456 
Diasone, 473 
Diaspirin, 262 
.^-Diastase, 301 

Diastereoisomerism, 646 
Diatrin, 335 
Diazine, 610 
Diazoacetic ester, 36 
Diazomethane, 123 
Diazonium compounds, 312 
Dibenamine, 323 

Dibenzanthracene, 35 
Dibenzyl ether, 128 
Dibromobutane, 658 
Dibromoethane, 43 
Dibromofluorene, 57 
Dibromohydroxymercurifluorescein, 504 
Dibromomethane, 42 
Dibromosalicylaldehyde, 167 
Dibromotyrosine, 392 
Dibucaine, 360 
Dibutenyl sulfide, 446 
Dibutoline sulfate, 328 
Dibutylamine, 306 

Dibutylaminopropyl aminobenzoate, 354 
Dibutylcarbamylcholine, 328 
Dibutyl ether, 122, 126 
Dibutyl sodium sulfosuccinate, 456 
Dicacodyl, 481 
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Dichloramine-T, 459 
Dichloricide, 57 
Dichloroacetic acid, 224 
Dichloroazodicarbonamidine, 429 
Dichlorobenzene, 44, 57 
Dichlorobenzophenone, 58 
Dichlorodi (bromophenyl)ethane, 59 
Dichlorodi (chlorophenyl)ethane, 59 
Dichlorodi(chlorophenyl)ethene, 58, 59 
Dichlorodiethyl ether, 126 
Dichlorodiethyl sulfide, 447 
Dichlorodifluoromethane, 47 
Dichlorodi(fluorophenyl)ethane, 59 
Dichlorodiphenylethane, 59 
Dichlorodiphenyltrichloroethane, 57 
Dichlorodi(methoxyphenyl)ethane, 59 
Dichloroditolylethane, 59 
Dichloroethane, 52 
Dichloroethylene, 679, 684 
Dichloroisopropyl carbamate, 402 
Dichloromethane, 42 
Dichlorophenarsine, 488 
Dichlorophenoxyacetic acid, 235 
Di (chlorophenyl)acetic acid, 58 
Di(chlorophenyl)propene, 59 
Dichloropropane, 54 
Dichlororibitylisoalloxazine, 624 
Dicoumarin, 516 

Di(cyclohexylethylethyl)methylamine, 

316 

Di (dimethylaminophenoxy) pentane, 

332 

Di(dimethylaminophenyl)phosphinous 
acid, 479 

Dielectric constants of diastereoisomers, 
657 

Dielectric polarization, 688 
Diels’ hydrocarbon, 35, 191 
Dienestrol, 114 
Diethanolamine, 325 
Di(ethoxyphenyl)acetamidine, 363 
Di(ethoxyphenyl)diethylacetamidine, 
427 

Diethoxyphenylurea, 405 
Diethylallylacetamide, 398 
Diethylamine, 306 
Diethylaminobutylaminomethoxy- 
methylquinoline, 559 
Diethylaminoethoxystilbene, 342 
Diethylaminoethyl aminobenzoate, 345, 
352, 353 


Diethylaminoethyl aminonaphthoate 
356 ' 

Diethylaminoethyl aminothiobenzoate. 
348 

Di(ethylaminoethyl)benzylpyrrolidine- 
dicarboxylate, 356 
Diethylaminoethyl diphenylacetate, 

358 

Diethylaminoethyl diphenylglycolate, 
358 

Diethylaminoethyl fluorenecarboxylate. 
367, 359 

Diethylaminoethyl nitrobenzoate, 354 
Diethylaminoethyl phenylcyclo- 
propanethiocarboxylate, 359 
Diethylaminoethyl phenyl thienyl- 
acetate, 358 

Diethylaminoethyl piperonylate, 346 
Diethylaminoethyl pyrrolcarboxylate, 
347 

Diethylaminomethylbutylamino- 
chloroquinoline, 559 
Diethylaminomethylbutylamino- 
methoxychloroacridine, 562 
Diethylamino-neopentyl aminobenzoate. 
354 

Die thy 1 ami n op ropy 1 cinnamate, 356 
Diethylaminopropyl piperonylate, 346 
Diethylbarbituric acid, 612 
Diethylbromoacetamide, 398 
Diethylcarbaraylmethylpiperazine, 632 
Diethylcarbinol, 63 
Diethylene glycol, 128 
Diethyleneglycol laurate, 255 
Diethyl ether, 122 
Diethyl formal, 684 
Diethyl ketone, 150 
Diethylnitrophenylthiophosphate, 479 
Diethyl phenylmalonate, 265 
Diethylstilbenediol, 112 
Diethylstilbestrol, 112 
Diethylstilbestrol dipalmitate, 113 
Diethylstilbestrol dipropionate, 113 
Diethylsulfondimethylmethane, 452 
Diethylsulfonmethylethylmethane, 452 
Diethylurea, 405 

Difarnesylmethylnaphthoquinone, 161 
Difluoroethane, 43 
Difluoromethane, 42 
Digilanide, 187 
Digitalis aglycones, 188 
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Digitalis saponins, 191 
Digitalose, 187 
Digitogenin, 191 
Digitonin, 191 
Digitoxigenin, 187 
Digi toxin, 187 
Digitoxose, 170, 187 
Digoxigenin, 187 
_JDigoxin, 187 

Dihexyl sodium sulfosuccinate, 456 
Dihydrocalciferol, 94 
Dihydrocivetone, 157 
Dihydro-coenzyme, 297, 298 
Dihydrocymenc, 27 
Dihyd roergosterol, 94 
Dihydroergotamine, 567 
Dihydroimidazolcs, 605 
Dihydrolysergic acid, 566 
Dihydromorphinone, 579 
Dihydrophytyl bromide, 20 
Dihydrorotenone, 523 
Dihydrostreptomycin, 417 
Dihydroxyalkanes, 76 
Dihydroxyanthraquinone, 163, 185, 243 
Dihydroxybenzene, 98, 105 
Dihydroxybenzoic acid, 235 
Dihydroxybenzyl alcohol, 116 
Dihydroxycholanic acid, 233 
Dihydroxycoumarin, 184 
Dihydroxydiethyl peroxide, 125 
Dihydroxyestratriene, 198 
Dihydroxyestrin, 198 
Dihyd roxyethane, 76 
Dihydroxyflavone, 519 
Dihydroxymethane, 76 
Dihydroxymethylanthraquinone, 185 
Di(hydroxymethyl)hydroxymethyl- :. 
pyridine, 540 

Dihydroxy (methylphenoxy) propane, 127 
Dihydroxyphenylacetic acid, 235 * . 
Dihydroxyphenylaminobutanol, 370 
Dihydroxyphenylethanolamihe, 365 • * 
Dihydroxyphenylethanolmethylamine, 
365 ... :: 

Dihydroxyphenylisopropylamino- 
ethanol, 369 

Dihydroxypropadrine, 371, 666 
Dihydroxypurine, 626 
Dihydroxysuccinic acid, 231 
Dihydroxytetrahydronaphthyl- 
propionic acid lactone, 272 


Diiodoethane, 43 
Diiodomethane, 42 
Diiodopropanol, 118 
Diiodopyridoneacetic acid, 543 
Diiodotariric acid, 226 
Diiodotyrosine, 386, 392 
Diisobutylamine, 306 
Diisobutyl ether, 122 
Diisoprene skeleton, 149 
Diisopropyl ether, 122 
Diisopropyl fluorophosphate, 252 
Dilaudid, 577, 579 
Dimazon, 379 

Dimenformon benzoate, 198 
Dimethoxybenzoquinone, 161 

Dimethoxydimethylhydroxytetrahydro- 

isoquinoline, 573 

Dimethoxydimethyltetrahydroiso- 

quinoline, 573 

Dimethoxyhydroxyacetophenone, 517 
Dimethoxyhydroxycinnamic acid, 186 
Dimethoxyhydroxymethyltetrahydro- 

isoquinoline, 572, 573 

Dimethoxyhydroxytetrahydroiso- 

quinoline, 572 

Dimethoxysuccinic acid, 660 
Dimethyl acetal, 684 
Dimethylamine, 306, 315 
Dimethylaminoantipyrine, 599, 687 
Dimethylaminodimethylpropyl 
aminobenzoate, 355 

Dimethylaminodimethylacetanlide, 363 
Dimethylaminodiphenylheptanone, 380 
Dimethylaminodiphenylmethyl- 

hexanone, 381 
Dimethylaminoethanol, 325 
Dimethylaminoethyl benzhydryl ether,, 
341 

Dimethylaminoethyl butylamino- 
benzoate, 355 : 

Dimethylamiilophenyl carbamate, 403 
Dimethylarsine, 481 
Dimethylbenzoylsulfanilamide, 471 
Dimethylbutadiene, 16, 151 
Dimethylbutane, 3 _ 

Dimethylbutanone, 150 
Dimethylcarbamoxyhydroxyphenyl- 

trimethylammonium methosulfate, 
534 

Dimethylcarbamylmethylpiperazine, 

632 
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Dimethylcarbinol, 73 
Dimethylchlorarsine, 481 
Dimethylcyclohexane, 671 
Dimethylcysteine, 418 
Dimethyldiphenylene disulfide, 451 
Dimethylenecyclohexadiene, 38 
Dimethyl ether, 122, 124, 684 
Dimethylethylcarbinol, 12 , 74 
Dimethyl formal, 684 
Dimethylglyoxime, 152 
Dimethylheptane, 122 
Dimethyl ketone, 150 
Dimethyloctadienal, 149 
Dimethyloctadienol, 81 
Dimethyloctenal, 149 
Dimethyloctenol, 80 
Dimethyloxythiolerucic acid, 217 
Diraethylpentane, 122 
Dimethyl phthalate, 258 
Dimethylpyridine, 536 
Dimethylpyrimidy 8 ulfanilamide, 468 
Dimethylpyruvic acid, 565 
Dimethylribitylisoalloxazine, 621 , 624 
Dimethylsulfanilylsulfanilamide, 472 
Dimethylurea, 405 
Dimethylxanthine, 627, 628 ' 

Dinitrocresol, 443 

Dinitro-DDT, 58 

Dinitrophenol, 442 

Dioctyl sodium sulfosuccinate, 456 

Diodrast, 542 

Dionin, 577, 579 

Diosgenin, 191, 192 

Diosphenol, 155 

Diothane, 362 

Dipentene, 16, 25, 26, 81, 284 
Diphenhydramine, 341 
Diphenylamine, 322 
Diphenylateine, 484 
Diphenylarsonic acid, 485 
Diphenylethanolamine, 370 
Diphenyl ether, 122 
Diphenylglycolamide, 399 
Diphenylglycolbenzylamide, 399 
Diphenylhydantoin, 608, 609, 692 
Diphenylmethane, 122 
Di(phenylpropyl)ethylamine, 317 
Diphosphopyridine nucleotide, 298 
Dipole effect, 689 
Dipropylamine, 306 


Dipropylcarbinol, 643 

Dipropyl ether, 122 

Dipropyloxazolidinedione, 616 
Dipyridyl, 547 
Dipyridyl disulfide, 539 
Disaccharides, 172 
Disaccharose, 169 
Diseptal, 472 
Disproportionation, 144 
Disulfanilamide, 462 
Disulfides, 451 
Disulfones, 452 
Disulon, 472 
Diterpenes, 283 
Dithiocarbamate reaction, 313 
Dithiopropanol, 453 
Dithymol diiodide, 119 
Diurethanes, 361 
Divinyl oxide, 126 
Divinyl sulfide, 447 
Djenkolic acid, 386 
Docosane, 2, 3 
Docosanoic acid, 213 
Dodecanal, 139 
Dodecane, 2 

Dodecanoic acid, 207, 213 
Dodecanol, 62 
Dolantin, 609 
Dolophine, 380 
Donaxine, 531 
Donovan’s solution, 480 
Dormiol, 167 
Doryl, 328 
Dotriacontane, 2 
DPN, 298 
Dragon’s blood, 288 
Dreft, 248 
Dulcin, 405 
Dulcitol, 79 
Duracillin. 420 

Ecgonine, 589, 674 • 

Echinochrom, 165 
Egg proteins, 411 

Eicosane, 2, 3. 

Eicosanoic acid, 213 * 5 ... 

Elaidic, acid, 218, 679 
Electrical properties of diastereoisomers, 
658 

Electromotive force, 691 
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Eleoptene, 283 

Ellagic acid, 266, 267 

Elliptone, 523 

Emetine, 682 

Emodin, 185 

Emulain, 659 

Enantiomorphs, 636 

Energy content of diastereoisomers, 

Enfleurage, 285 

Enol tautomer, 79 

Enterokinase, 299 

Entromone, 197 

Enzymes, 180, 291, 659 

Enzymol, 302 

Ephedrine, 366, 648, 665, 686 
Epicatechin, 620 
Eplpiers, 652 

^Epinephrine, 364, 365, 374, 532, 665, 
Epinephrine dimethyl ether, 369 
Epinine, 364, 365, 687 
Ergocornine, 564 
Ergocominine, 564 
Ergocristine, 564 
Ergocristinine, 564 
Ergocryptine, 564 
Ergocryptinine, 564 
Ergometrine, 564 
Ergometrinine, 564 
Ergonovine, 564, 567 
Ergosine, 564 
Ergosinine, 564 
Ergosterol, 94 
Ergot alkaloids, 564 
Ergotamine, 564, 567 
Ergotaminine, 564 
Ergothionine, 603, 604 
Ergotinine, 564 
Ergotoxine, 564, 567 
Ergotrate, 567 
Eriodictyol, 520 
Erucic acid, 218 
Erythrite, 78 
Erythritol, 78, 651 
Erythrityl, tetranitrate, 249 
Erythrodextrin, 174 
Erythrose, 648, 650, 651 
Eserine, 534 
Esterase, 293 
Esters, 246 
formation of, 67 


Estinyl, 198 
Estradiol, 196, 198 
Estrane, 196 
Estriol, 196, 198 
Estrogenic activity, 685 
Estrogenic hormones, 196 
Estrone, 196, 198 
Etamon, 319 
Ethanal, 139, 143 
Ethandioic acid, 215 
Ethane, 2 

Ethanedicarboxylic acid, 215, 216 
Ethanethiol, 445 
Ethanoic acid, 207, 208, 210 
Ethanol, 62, 68, 69, 71, 74, 684 
Ethanolamine, 250, 324 
Ethene, 10, 13 
Ether, 121, 125 
petroleum, 1, 7 
Ether peroxide, 125, 132 
Ethers, aromatic, 129 
Ethinylestradiol, 198 
Ethoxyacetylacetone, 541 
Ethoxyaminonitrobenzene, 443 
Ethoxyphenylmethylurea, 405 
Ethoxyphenylsuccinimide, 331 
Ethoxyphenylurea, 405 
Ethoxypropionic acid, 660 
Ethoxysuccinic acid, 660 
Ethyl acetate, 253 
Ethyl acetoacetate, 264 
Ethyl alcohol, 62, 68, 71 
Ethylamine, 306 
Ethyl aminobenzoate, 345, 357 
Ethyl angelicate, 679 
Ethylapocupreine, 554 
Ethylbenzene, 32, 122 
Ethyl benzylaminocrotonate, 679 
Ethyl bromide, 43, 55, 684 
Ethylbutylbarbituric acid, 612 
Ethylbutylcarbinol, 643 
Ethyl butyrate, 252, 253 
Ethyl carbamate, 401 
Ethylcarbinol, 62, 73 
Ethyl carbonate, 49 
Ethylcellulose, 129 
Ethyl chaulmoograte, 256 
Ethyl chloride, 43, 44, 47, 684 
Ethyl cinnamate, 290 
Ethyl coumalate, 189 
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Ethyl cyanide, 689 

Ethylcyclohexenylbarbituric acid, 612 
Ethylcyclohexylcarbinol, 643 
Ethyl diazoacetate, 36 
Ethyl (diethylaminoethyl)aniline, 333 
Ethyldimethylamine, 306 
Ethyldimethylphenylpyrimidocyanine 

chloride, 570 
Ethylene, 10, 13, 684 
Ethylene bromide, 43 
Ethylene chloride, 43, 47, 62 
Ethylene chlorohydrin, 76 
Ethylenediamine, 332 
Ethylene glycol, 77 
Ethylene glycol butyl ether, 128 
Ethylene glycol ethyl ether, 128 
Ethylene glycol phenyl ether, 128 
Ethylene iodide, 43 
Ethylene oxide, 511, 684 
Ethylene tetrachloride, 52 
Ethyl ether, 122, 684 
Ethyl fluoride, 43 
Ethyl formate, 252, 253 
Ethyl glyceryl ether, 124 
Ethylhexanediol, 77 
Ethylhexylbarbituric acid, 612 
Ethylhexylcarbinol, 643 
Ethyl hydnocarpate, 256 
Ethylhydrocupreidine, 554 
Ethyl hydrocupreine, 554 
Ethylidene bromide, 43 
Ethylidene chloride, 43, 47, 54 
Ethylidene fluoride, 43 
Ethylidene iodide, 43 
Ethyl iodide, 43 
Ethyl iodobrassidate, 255 
Ethylisoamylbarbituric acid, 612 
Ethylisoamylthiobarbituric acid, 613 
Ethylisopropylbarbituric acid, 612 
Ethyl lactate, 643 
Ethyl malonate, 264 
Ethyl mercaptan, 445 
Ethyl mercury chloride, 503 
Ethylmethylbutenylbarbituric acid, 612 
Ethylmethylbutylbarbituric acid, 612 
Ethylmethylbutylthiobarbituric acid, 
613 

Ethyl methylphenylpiperidine- 
carboxylate, 546 
Ethyl morphine, 579 


Ethyl nitrite, 249 
Ethyl oxalophenylacetate, 265 
Ethyl oxide, 124 
Ethyl phenol, 102 
Ethylphenothiazine, 624 
Ethyl phenylacetate, 265 
Ethylphenylbarbituric acid, 612 
Ethylphenylcarbinol, 643 
Ethyl phenylcinchoninate, 550 

Ethylphenyl ether, 122 

Ethylphenylhydantoin, 608 
Ethyl phenylmalonate, 265 
Ethylpropylcarbinol, 643 
Ethylpropyl sulfide, 447 
Ethylquitenidine, 654 
Ethylquitenine, 554 
Ethylresorcinol, 102 
Ethyl salicylate, 262 
Ethylsulfanilamidothiadiazole, 472 
Ethyl sulfate, 248 
Ethyl sulfide, 447 

Ethylthiadiazolylsulfanilamide, 472 
Ethyl tiglate, 679 
Ethylxanthogen, 451 
Ethyne, 10 

Ethynyldihydroxyestradiol, 198 

Etiocholylmethyl ketone, 498 

Eucaine, 343, 344 

Eucalyptol, 129 

Eucatropine, 588 

Eucupin, 554 

Eugenin, 517 

Eugenol, 131, 284 

Eugenone, 517 

Eumydrine, 588 

Euphorbium, 288 

Euresol, 105 

Euthalmine, 588 

Evicyl, 614 

Evipal, 612 

Exalgin, 322 

Exhaustive methylation, 10, 314 
External compensation, 645 

Factor I, 540 
Factor W, 621 
Factor X, 621 
FAX), 296 
Farnesene, 18 
Farnesol, 82 
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-tfats^274 

^P£Uy acids, electrolysis of, 4 
FDA, 322 

F.D.C. Red No. 2, 379 
Fenchone, 284 

Fermentation, 61, 71, 74, 77, 150, 222, 
659 

of glucose, 237 
Ferrous gluconate, 230 
Ferrous lactate, 228 
Ferulic acid, 288 
Fibrinogen, 407 
Filicic acid, 165, 288 
Filicinic acid, 164 
Filmaron, 288 
Fixed oils, 274 
Flavacidin, 421 
Flavanol, 185 
Flavanone, 185 
Flavaspidic acid, 164, 288 
Flavaspidin, 288 
Flavatin, 421 
Flavicin, 421 
Flavin, 621 

Flavin-adenine dinucleotide, 296 
Flavone, 185, 519 
Flavoprotein, 293 
Fluorescein, 245 
Fluorine compounds, 46 
Fluoroacetic acid, 47, 224 
Fluoroethanc, 43 
Fluorethyl fluoroacetate, 224 
Fluoroform, 42 
Fluorohexylphenol, 102 
Fluoromethane, 42 
Fluoropropadrine, 694 
Folic acid, 629 
Follutein, 197 

Formaldehyde, 70, 139, 140 
Formalin, 140 
Formamide, 397 
Formanilid, 322 
Formic acid, 48, 207, 209 
Formic anhydride, 240 
Formol titration, 390 
Formose, 141 
Fowler’s solution, 480 
Frangula emodin, 185 
Frangulin, 185 
Fraxin, 184 


Freon, 47 

Friedel-Crafts reaction, 146, 222 
Fries rearrangement, 108 
Fructosan, 175 
Fructose, 172 
Fruit sugar, 172 
Fuadin, 493, 688 
Fuchsin, 376 
Fucoascorbic acid, 270 
Fumaric acid, 219, 676, 678 
Fumigacin, 422, 423 
Furacin, 513 
Furan, 512 
Furfuraldehyde, 513 
Furfuraldoxime, 513 
Furfuryl alcohol, 512 
Furoic esters, 347 
Fusel oil, 74 

Gabriel’s synthesis, 309, 387 
-^"Galactonic acid, 656 
Galactosaminc, 382 
«—Galactose, 176, 191, 650, 654 
^jGalacturonic acid, 176 
Galbanum, 286, 288 
Galipine, 551 
G&lipoline, 551 

Gallaldehyde, tribenzyl ether of, 146 

Gallic acid, 235 

Gallotannic acid, 194 

Gallotannin, 193 

Gamboge, 288 

Gambogic acid, 288 

Gammexane, 53 

Gardinol, 75, 248 

Gasoline, 1 

Gatterman-Koch synthesis, 146 
Gaultherin, 180, 182 
Geddic acid, 177 
—Gelatin, 407, 411 
Gentian violet, 376 
Gentiobiose, 181, 680 
Gentisyl alcohol, 116 
Geranial, 139 
Geraniol, 26, 81, 284, 677 
Germania, 405 
Ginger, 289 
Gitalin, 187 
Gitogenin, 191 
Gitonin, 191 
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Gitoxigenin, 187 
Gitoxin, 187 
Gliadin, 407 
Gliotoxin, 423 
GJobin, 526 
'Globucid, 472 
^^GWbulins, 407 
Glonoin, 248 
Glucoascorbic acid, 270 
Glucochloral, 166 
Glucoheptoascorbic acid, 270 
Gluconic acid, 229, 656 
Glucoprotein, 407 
Glucoresins, 290 
Glucosamine, 382 
Glucosan, 174 
Glucosazone, 653 

Glucose, 168, 170, 181, 182, 184, 185, 
186, 187, 191, 267, 639, 649 
Glucoside, 169, 179 
Glucuronic acid, 176 
Gluside, 459 

Glutamic acid, 385, 387, 391, 411, 644 

Glutaric acid, 215 

Glutathione, 410 

Glutelins, 407 

Glutenin, 407 

Glyceric acid, 229, 640, 660 
Glyceric aldehyde, 639, 650, 651 
Glycerides, 254, 276 
Glycerin, See Glycerol 
Glycerol, 68, 69, 76, 237, 278 
Glycerophosphate, 251 
Glycerylguaiacol ether, 127 
Glycerylhexadecyl ether, 127 
Glyceryl monostearate, 255 
Glyceryltolyl ether, 127 
Glyceryl triacetate, 254 
Glyceryl trinitrate, 248 
Glycine, 233, 316, 384, 390, 621 
Glycocholic acid, 233 
Glycocoll, 390 
Glycocollanilid, 322 
Glycocollphenetidin, 331 
Glycogen, 169, 174 
Glycol, 65, 68, 69, 76, 77 
Glycolic acid, 227, 233, 237 
Glycolic aldehyde, 146 
Glycols, formation of, 12 
Glycoprotein, 407 
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Glycoresins, 287 
Glycosidase, 294, 659 
Glycoside, 169, 179 
Glyoxalic acid, 237 
Glyoxaline, 602 
Glyoxyldiureide, 609 
Glysal, 262 
Gold compounds, 498 
Gold sodium thiomalate, 500 
Gold thioglucose, 499 
Grain alcohol, 71 
Gramicidin, 425 
Gramine, 531 
Grape sugar, 170 

Grignard reagent, 48, 56, 65, 134, 
435, 496 
Guaiac, 287 
Guaiacic acid, 287 
Guaiacol, 98, 129, 130, 287 
Guaiacol benzoate, 257, 258 
Guaiacol carbonate, 257, 259 
Guaiaconic acid, 287 
Guanidine, 429 
Guanine, 626 
Gulosazone, 267, 653 
Gul086, 650, 653 
Gum arabic, 176 
Gum resins, 285 
Gums, 176 
Gum tragacanth, 177 
Guvacine, 543 
Guvacoline, 543 
Gynergen, 567 

Halazone, 459 
Halibut liver oil, 280 
Haloform reaction, 48, 151 
Halogenated acids, 223 
Halogenated alcohols, 116 
Halogenated aldehydes, 165 
Halogenated alkylamines, 323 
Halogenated hydrocarbons, 41 
Halogenated phenols, 118 
Halogenated phenyl ethers, 128 
Halogenation, 5, 41 
Halostachine, 364 
Hamamelose, 170 
Hardened oils, 277 
Hedonal, 402 
Heliotropin, 147 
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Hell-Volhard-Zel insky reaction, 387 

Helmitol, 143 

Hematin, 526 

Hematinic acid, 526 

Hematoporphyrin, 526 

Hemiacetal, 136, 168 

Hemiterpene, 15, 16 

Hemlock alkaloids, 544 

Hemochromogen, 526 

Hemocyanin, 407 

Hemoglobin. 407. 411, 526, 

Hemopyocyanin, 424 

Heneicosane, 2, 3 

Heneicosanecarboxylic acid, 213 

Hentriacontane, 2, 3 

Hepaxanthin, 91 

Heptacosane, 2, 3, 4 

Heptacosanoic acid, 213 

Heptadecane, 2 

Heptadecanoic acid, 207, 213 

Heptahydroxyethylnaphthoquinone, 165 

Heptalactone, 265 

Heptaldehyde, 139, 149 

Heptandioic acid, 215 

Heptane, 2, 6, 7, 122 

HeptAnoic acid, 207, 213 

Heptanol, 62 

Heptanone, 150, 152 

Heptyl alcohol, 62 

Heptylamine, 306, 317 

Heptylmercury chloride, 503 

Heptylphenol, 102 

Heptyl resorcinol, 102 

Hercyanine, 603, 604 

Heroin, 577 

Herzig-Meyer method, 313 
Hesperidin, 520 
Heterocycles, 690 
Heteroside, 169, 179 
Hetramine, 335 
Hexachlorobenzene, 44 
Hexachlorocyclohexane, 53 
Hexachloroethane, 43, 47 
Hexacontane, 2 
Hexacosane, 2, 3 
Hexacosanoic acid, 213 
Hexacosanol, 75 
Hexadecanal, 139 
Hexadecane, 2, 3 
Hexadecanoic acid, 207, 213 


Hexadecanol, 62 
Hexadecylglyceryl ether, 127 
Hexaethyl tetraphosphate, 251 
Hexahydrocarvacrol, 155 
Hexahydrode 80 xyephedrine, 368 
Hexahydrofamesyl bromide, 19 
Hexahydropyridine, 536 
Hexahydrothymol, 83 
Hexahydroxycyclohexane, 83 
Hexahydroxyflavylium chloride, 518 
Hexahydroxyhexanes, 78 
Hexaldehyde, 139 
Hexalet, 143 

Hexamethylenediamine, 413 
Hexamethylenetetramine, 142 
Hexamethylrosaniline, 376 
Hexamethyltetracosahexaene, 20 
Hexamine, 143 
Hexandioic acid, 215 
Hexane, 2, 3, 6, 7 
Hexanoic acid, 207, 213 
Hexanol, 62, 80 
Hexanone, 150 
Hexenal, 149 
Hexenol, 80 
Hexestrol, 112, 113 
Hexose, 169, 170 
Hexuronic acid, 176 
Hexyl alcohol, 62 
Hexylamine, 306 
Hexylcatechol, 102 
Hexyl chloride, 54 
Hexylchlorophenol, 102 
Hexyloxyphenol, 102 
Hexylphenol, 102 
Hexylphloroglucinol, 102 
Hexylpyrogallol, 102 
Hexyl resorcinol, 102, 109, 111 
Hexyl resorcinol diethylaminoethyl ether, 
342 

Hexylthiophenol, 102 
Hinsberg reaction, 311 
Hippuran, 393 
Hippuric acid, 222 
Hirathiol, 458 
Histadyl, 335 
Histaminase, 341 
Histamine, 333, 603, 604 
Histidine, 383, 385, 391, 392, 411, 603, 
664 
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Histones, 407 
Hofmann’s alkylation, 307 
Hofmann’s degradation, 308 
Hofmann’s exhaustive methylation, 314 
Hofmann’s mustard oil reaction, 313 
Hofmann’s synthesis, 46, 387 
Holocaine, 363 
Holoside, 169 
Homatropine, 587 
Homatropine methobromide, 588 
Homologs, 1 
Homology, 690 
Homosulfanilamide, 472 
Hordein, 407 
Hordenine, 364, 365, 572 
Hormones, sex, 113 
Hydantoin, 608 
Hydnocarpic acid, 220 
Hydracetin, 375 
Hydrastine, 581 
Hydrastis alkaloids, 581 
Hydration of acetylene, 71, 143 
Hydration of ethylene, 64 
Hydrazones, 138 
Hydrindene, 36 
Hydrocarbons, 1 
polymcthylene, 8 
Hydrochloric acid, 208 
Hydrocinchonidine, 554 
Hydrocinchonine, 554 
Hydrocupreidine, 554 
Hydrocupreine, 554 
Hydrocyanic acid, 181, 689 
Hydrogenated oils, 277 
Hydrogenation of carbon monoxide, 70 
“ Hydrogen Grignard,” 66 
Hydrogen-ion concentration, 688 
Hydrogenolysis of benzylamines, 310 
Hydrolysis of amides, 205 
Hydrolysis of esters, 61, 204 
Hydrolysis of nitriles, 205, 397, 435 
Hydrophilic groups, 685 
Hydrophilic ointment bases, 75, 255 
Hydrophobic groups, 685 
Hydroquinidine, 554 
Hydroquinine, 554 

Hydroxyacetaminophenylarsonic acid, 
486 

Hydroxyacetic acid, 227 
Hydroxyacetophenone, 519 


Hydroxy acids, 226 
Hydroxyamino acids, 411 
Hydroxyaminobenzoic acid, 396 
Hydroxyaminonitrobenzene, 443 
Hydroxyaminophenylarsine, 484 
Hydroxyaminophenylarsonic acid, 486 
Hydroxyanisole, 130 
Hydroxyanthraquinone glycosides, 184 
Hydroxybenzaldehyde, 147 
Hydroxybenzedrine, 369 
Hydroxybenzene, 98 
Hydroxybenzoic acid, 234, 235, 259 
Hydroxybenzyl alcohol, 115, 182 
Hydroxybenzylimidazoline, 605 
Hydroxybenzyl isothiocyanate, 186 
Hydroxybutyric acid, 229 
Hydroxychloronaphthoquinone, 163 
Hydroxycholanic acid, 233 
Hydroxycinnamic acid, 235, 616 
Hydroxycoumarin, 184, 516 • 

Hydroxydiiododiphenylpropionic acid, 
235 

Hydroxy ethers, 128 
Hydroxyethylapocupreine, 554 
Hydroxyglutamic acid, 385, 391 
Hydroxyisovalerylmethylvaline, 406 
Hydroxyketoestratriene, 198 
Hydroxyleucine, 386 
Hydroxylysine, 387 

Hydroxymethoxycinnamyl alcohol, 116 
Hydroxymethylbenzedrine, 369 
Hydroxynaphthalene, 104 
Hydroxyoctadecenoic acid, 232 
Hydroxyphenazine, 424 
Hydroxyphenyl acetate, 105 
Hydroxyphenylarsonic acid, 485 
Hydroxyphenylethylamine, 364 

Hydroxyphenyl ketones, 108 

Hydroxyphenylmethoxyphenylhexene, 

113 

Hydroxyphenyl pyruvic acid, 238 
Hydroxy proline, 386, 391, 524 
Hydroxypropadrine, 371, 695 
Hydroxypropane, 76 
Hydroxypropionic acid, 227 
Hydroxypyrrolidinecarboxylic acid, 386 
Hydroxyquinol, 106 
Hydroxyquinoline, 550 
Hydroxystearin sulfate, 460 
Hydroxysuccinic acid, 230 
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Hydroxytetrahydronaphthalene, 87 
Hydroxytoluene, 98 
Hydroxytricarballylic acid, 231 
Hydroxytryptophan, 386 
Hygrine, 524 
Hygrinic acid, 524 
Hyoscine, 587 
Hyoscyamine, 586, 663 
Hypophorine, 531 
Hypoxanthine, 626 


Ibotacerotic acid, 213 
Ichthammol, 458 
Ichthynate, 458 
. Ichthyol, 458 
Ichtyopterin, 628 
Idosazone, 653 
Idose, 650, 653 
Igrafen, 471 
Iletin, 413 
Imidazole, 597, 602 
Imidazolines, 604 
Imidazolylalanine, 603 
Imidazolylethylamine, 604 
Immune globulin, 412 
Indian tragacanth, 177 
Indigo, 531 
Indole, 529 
ImibteSCGlMf"acid, 530 
Indolebutyric acid, 530 
Indoxyl7531 
Inhibitors, enzymic, 300 
Inositol, 83 

Inositol hexaphosphate, 251 
Insulin, 411, 413 
Intocostrin, 584 
Inulin, 175 
Invertase, 72 
Invert sugar, 72, 172 
Iodalbin, 412 
Iodalphionic acid, 235 
Iodeikon, 244 
Iodine compounds, 54 
Iodinin, 424 
Iodized oils, 226, 255 
Iodoacetic acid, 224, 225 
Iodobismitol, 510 
Iodocasein, 412 
Iodoethane, 43 
Iodoform, 42, 55 


Iodogorgoic acid, 386 

Iodohydroxychloroquinoline, 550 

Iodohydroxyquinolinesulfonic acid, 550 

Iodoketopyridineacetic acid, 543 

Iodomethane, 42 

Iodophthalein, 244 

Iodostarine, 226 

Ionone, 89, 153 

Iothion, 118 

Ipecac alkaloids, 582 

Ipomea, 290 

Ipral, 612 

Ipurolic acid, 291 

Irium, 248 

Irone, 154 

Isacen, 243 

Isarol, 458 

Isoamyl acetate, 74, 253 
Isoamyl alcohol, 74 
Isoamylamine, 306, 316 
Isoamylhydrocupreine, 554 
Isoamyl isovalerate, 74, 252, 253 
Isoamyl mercaptan, 445 
Isoamyl nitrite, 249 
Isobarbituric acid, 625 
Isobutanal, 139 
Isobutane, 3 
Isobutyl alcohol, 67, 74 
Isobutylamine, 306 

Isobutylaminoethyl aminobenzoate, 355 

Isobutylantipyrine, 601 

Isobutylcarbinol, 63 

Isobutyl mercaptan, 445 

Isobutyl salicylate, 253 

Isobutyraldehyde, 139 

Isobutyramide, 397 

Isobutyric acid, 213 

Isocodeine, 579 

Isoelectric point, 409 

Isoeugenol, 131 

Isohexane, 3 

Isohexylresorcinol, 102 

Isolated proteins, 411 

Isoleucine, 383, 384, 393 

Isolimonene, 27 

Isomenthol, 659 

Isomenthone, 669, 672 

Isomers, 1 

Isonitrile, 436 

Isonitrile reaction, 312 
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Isonitrosopropiophenone, 661 
IsoOctylhydrocupreine, 554 
Isopentane, 3, 12 
Isopentenealdehyde, 148 
Isopiperitenone, 156 
Isoprene, 10 , 15, 17, 22 
Isoprol, 117 

Isopropylacetylmethoxybenzamide, 399 

Isopropyl alcohol, 69, 73 
Isopropylamine, 306 
Isopropylaminobutylaminomethoxy- 

quinoline, 561 

Isopropylaminopentylaminomethoxy- 
quinoline, 561 

Isopropylantipyrine, 601 , 687 

Isopropylbromoallylbarbituric acid, 612 

Isopropylcarbinol, 74 

Isopropyl ether, 126 

Isopropylglutaric acid, 673 

Isopropyl mercaptan, 445 

Isopropyl phenylcarbamate, 402 

Is oquinolin e, 570 

Isoricinolein, 5§0 

Isosafrole, 129 

Isosterism, 121, 694 

Isotopes, 695 

Isovaleraldehyde, 15, 139 

Isovaleric acid, 16, 213 

IstiziD, 243 

Jaborandi alkaloids, 606 
Jalap, 291 

Jalapinolic acid, 290 
Jasmone, 155 
Javanicin, 163 
Jecolein, 280 

Karaya gum, 177 

Kasimid, 605 

Kelene, 51 

Kelgin, 179 

Kephrine, 369 

Keratin, 407 

Kerosene, 1, 6, 7 

Ketimines, 138 

Ketobutyric acid, 238 

Keto-enol tautomerism, 79 

Ketogulofuranolactone, 267 

Ketogulonic acid, 267 

Ketohydroxamic acid halide, 367 


Ketomenthylic acid, 25 
Ketones, 134, 690 
reduction of, 64 
Ketonic acids, 236 
Ketopropionic acid, 237 
Ketopurine, 626 
Kharsivan, 489 
Kiliani synthesis, 661 
Kitol, 87 

Knockout drops, 166 
Knoop’s theory, 238 
Koagulations vitamin, 161 
Kolbe synthesis, 4 
Korotrin, 197 
Krysolgan, 499 

Lactation vitamin, 621 

Lactic acid, 227, 641, 643, 660 

Lactic dehydrogenase, 297 

Lactochrome, 622 

Lactoflavin, 621 

Lactones, 265, 689 

Lactophenin, 331 

Lactose, 173 

Lactucarium, 288 

Lactylcholine, 227 

Lactylmethylanilid, 322 ' 

Lactylphenetidin, 331 

Lanthionine, 386 

Lanthopine, 574 

Lard, 280 

Larocaine, 348, 354 
Laudanine, 574 
Laudanosine, 574, 576 
Laurie acid, 207, 213, 277 
Laurin, 280 
Lauryl alcohol, 62, 75 
Lauryl sodium sulfate, 460 
L. casei factor, 629 
Lead acetate, 211 
Lead oleate, 282 
Lead subacetate, 211 
Leadtetraethyl, 496 
Lecithin, 250, 407 
Lecithoproteins, 407 
Lenigallol, 107 
Lent in, 328 

Leucine, 316, 383, 387, 391, 411, 565 
Leuckart synthesis, 308 
Leucoadrenochrome, 532 



INDEX 


727 


Leucopterin, 628 
Levulinic acid, 236 
Levulinic acid phenylhydrazone, 
375 

Levulose, 172 
Lewisite, 482 
Licareol, 81 
Light absorption, 655 
Lignoceric acid, 213 
Limonene, 25, 284, 669, 

Linalol, 81, 284 

Linalodl, 81 

Linalyl acetate, 284 

Linoleic acid, 218 

Linolenic acid, 218 

Linolenin, 280 

Linolin, 280 

Linseed oil, 280 

Lipase, 293 

Lipiodol, 255 

Lipoiodine, 255 

Lipo-lutin, 198 

Liquid paraffin, 7 

Liquid petrolatum, 7 

Lithium Alu min um hydride, 66 

Lithocholic acid, 233 

Liver starch, 174 

Livetin, 411 

Lobelia alkaloids, 548 

Lobeline, 548 

Lophophorine, 573 

Lumalgin, 614 

Lumiflavin, 623 

Luminal, 684^^ 

Lumosterol, 94 

Lupanine, 594 

Lupinan, 593 

Lupinine, 593 

Lupulin, 289 

Lutedine, 536 

Luteolin, 519 

Lutromone, 198 

Lycopene, 20, 29 

Lysergic acid, 565 

Lysergic butanolamide, 566 • 

Lysergic diethylamide, 566 

Lysergic isopropanolamide, 566 

Lysine, 316, 383, 391, 411, 664 

Lyxosazone, 652 

Lyxose, 650, 652 


M. & B. 125, 473 
Magenta, 376 
Magnesium oleate, 282 
Malachite green, 377 
Male fern, 164 

Maleic acid, 219, 230, 676, 678 

Maleic anhydride, 677 

Malic acid, 230, 641, 660, 664 

Malonamic acid, 399 

Malonamide, 399 

Malonic acid, 215, 216 

Malonic ester synthesis, 206, 264, 388 

Malt extract, 174, 301 

Maltol, 516 

Maltose, 170, 173 

Malt sugar, 173 

Malvidin, 518 

Mammalian sperm, electrophoretic 
separation of, 692 
Mandelamine, 143 
Mandelic acid, 229, 662 
Mandelonitrile, 181, 436, 660 
Mandelylphenetidin, 331 
Mandelyltropeine, 587 
Mannich reaction, 310 
Mannitol, 68, 69, 78 
Mannitol hexanitrate, 249 
Mannitol oleate, 255 
Mannonic acid, 656 
Mannosazone, 653 
Mannose, 176, 650, 653 
Mapharsen, 487 
Maretin, 375 
Marfanil, 472 
Margaric acid, 207, 213 
Mastic, 287 
Maxitate, 250 
Mecholyl, 327, 692 
Meconic acid, 516 
Medicinal dyes, 375 
Meerwein reduction, 64 
Melanin, 373 
Melissic acid, 213 
Melissic alcohol, 75 
Melubrine, 602 
Menadione, 162 
Mendius reduction, 435 
Menthadiene, 25 
Menthadieneone, 155 
Menthadiol, 24 
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Menthandiol, 85 
Menthane, 22, 669 
Menthanone, 156 
Menthene, 24 
Menthenone, 156 
Menthol, 284, 659, 669 
Menthone, 156, 284, 669, 672 
Menthyl acetate, 284 
Menthyl anthranilate, 395 
Menthyl benzoylformate, 662 
Menthyl ethoxyacetate, 85 
Menthyl methoxypropanoate, 658 
Menthyl methylbutanoate, 658 
Mepacrine, 562 
Meperidine, 546 
Meprane, 114 
Mcrallurido, 508 
Merbaphen, 507 
Merbromin, 504 
Mercaptals, 452 
Mercaptans, 445, 690 
Mercuric benzoate, 503 
Mercuric cyanide, 503 
Mercuric oxycyanide, 503 
Mercuric salicylate, 504 
Mercuric succinimide, 504 
Mercurin, 507 
Mercurochrome, 504 
Mercurol, 411, 507 
Mercurophylline, 508 
Mercury compounds, 502 
Mercury oleate, 282 
Mercuzanthin, 508 
Meroxyl, 506 
Merphenyl nitrate, 506 
Mersalyl, 507 
Merthiolate, 506 
Mesantoin, 609 
Mescaline, 364, 365, 572 
Mesityl oxide, 140 
Meso compound, 647“ * 
Mesoerythritol, 78 
Mesotan, 262 

Mesoxalylurea, 614 * ' : . 

Meetibol, 113 
Mesurol, 509 
Metaldehyde, 144 
Metandren, 200 
Metaphen, 506 
Metaproteins, 408 


Meteloidine, 592 
Methacetin, 329 
Methacholine, 327 
Methacrylic acid, 217 
Methadon, 380 
Methadren, 366 
Methanal, 139, 140 
Methane, 2, 6, 684 
Methanedicarboxylic acid, 215, 216 
Methanethiol, 445 
Methanoic acid, 207, 209 
Methanol, 24, 62, 66, 68, 70, 83, 527 
Methemoglobin, 526 
Methenamine, 142 
Methionine, 383, 385, 393 
Methoxyacetanilid, 329 
Methoxybenzaldohyde, 147 
Methoxydihydroxycoumarin, 184 
Methoxyhydroxybcnzaldchyde, 147 
Methoxyhydroxymethylcoumarin, 517 
Methoxy hydroxymethyl tetrahyd ro- 
isoquinoline, 573 

Methoxymethylenedioxydimethyltetra- 
hydroisoquinoline, 573 
Methoxymethylenedioxymethyltetra- 
hydroisoquinoline, 573 
Methoxymethylquinoline, 552 
Methoxyphenol, 130 
Methoxyphenylacctamide, 398 
Methoxyphenylurea, 405 
Methoxytetrahydroquinoline, 598 
Methylacetaminothienyl ketone, 396 
Methylacetanilid, 322 
Methyladipic acid, 24, 25 . 
Methyladrenalin, 366 
Methyl alcohol, See Methanol . 
Methylaldopentose, 170 
Methylamine, 306, 315 
Methylaminoethanol, 325 
Methylaminoheptane, 317 
Methyl aminohydroxybenzoate, 344 
Methylamyl ketone, 152 
Methylanabasine, 547 ... 

Methylanatabine, 547 • *. 

Methylaniline, 306 ; * : 

Methyl anthranilate, 70, 253, 284, 359, 
552 

Methyl arachidonate, 219 
Methylarsine, 481 
Methylation, exhaustive, 10 
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Methyl bromide, 42, 54 
Methylbutadiene, 10, 15 
Methylbutanal, 139 
Methylbutanoic acid, 213, 659 
Methylbutanol, 63 
Methylbutanone, 150 
Methylbutenal, 148 
Methylbutylbromallylbarbituric acid, 
612 

Methylbutyl ketone, 150 
Methylbutyric acid, 213, 659 
Methylcaproic acid, 643 
Methylcarbinol, 62, 71 
Methylcellulose, 129 
Methyl chloride, 42, 44, 47, 48, 684 
Methylchloroform, 52 
Methylcholanthrene, 35, 145 
Methyl coumalate, 189 
Methyl cyanide, 689 
Methylcyclohexanol, 668, 670 
Methylcyclohexanone, 660 
Methylcyclohexenylmethylbarbituric 

acid, 612 

Methylcyclohexyl acetate, 670 
Methylcyclopentenophenanthrefie, 34 
Methylcytosine, 610 
Methyldecane, 643 
Methyldichlorarsine, 481 
Methyldiethylamine, 306 
Methyldihydromorphinone, 580 
Methyldihydropyrrole, 547 
Methyldiiodoketopyridinodicarboxylate, 

543 

Methylenebis(hydroxycoumarin), 516 
Methylene blue, 632 
Methylene bromide, 42 
Methylenebutyrolactone, 266 
Methylene chloride, 42, 47, 48 
Methylene diethyl ether, 124 
Methylene dimethyl ether, 124 
Methylenedioxyallylbenzene, 129 
Methylenedioxybenzaldehyde, 147 
(Methylenedioxypropylbenzyl)butyl- 

diethyleneglycol ether, 127 
Methylene fluoride, 42 
Methylene iodide, 42 
Methylepinephrine, 366 
Methyl ether, 122 
Methylethylamine, 306 
Methylethylcarbinol, 643 


Methylethylene glycol, 77 
Methylethyl ketone, 150, 151 
Methylethylmalonic acid, 659 
Methylethylphenylhydantoin, 609 
Methylethyl sulfide, 447 
Methyl fluoride, 42 
Methyl formate, 253 
Methylfuran, 512 
Methylglycosamine, 382, 416 
Methylglyoxal, 237 
Methylguvacine, 543 
Methylheptane, 643 
Methylheptoic acid, 643 
Methylheptyl ketone, 152 
Methyl hydroxybenzoate, 259 
Methylhydroxydihydroindoloquinone, 
532 

Methylhydroxypyrone, 516 
Methylimidazole, 603 
Methylindole, 529 
Methyl iodide, 42 
Methylisobutyl ketone, 150 
Methylisopelletierine, 545 
Methylisopropylcyclohexane, 22 
Methylisopropyl ketone, 150 
Methylisothiourea, 455 
Methyl isourea, 429 
Methyl mercaptan, 445 
Methylmercury chloride, 503 
Methylmescaline, 572 
Methylnaphthoquinone, 162 
Methylnonane, 643 
Methylnonanoic acid, 643 
Methylnonenal, 149 
Methylnonyl ketone, 152 
Methyloctane, 643 
Methyloctanoic acid, 643 
Methyloctyl ketone, 152 
Methyl orange, 461 
Methyloxymethyl salicylate, 262 
Methylpalmitic acid, 212 
Methylpantothenic acid, 403 
Methylparaben, 259 
Methyl parasept, 259 
Methylpentane, 3 
Methylpentanone, 150 
Methylphenol, 98 
Methylphenothiazine, 624 
Methylphenyl ether, 122 
Methylphenyl ketone, 160 
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Methylpiperidinopropyl benzoate, 356 
Methylproline, 524 
Methylpropanoic acid, 213 
Methylpropanol, 67, 74 

Methylpropylbromallylbarbituric acid, 

612 

Methylpropylcarbinol, 63 
Methyl propylcarbinyl carbamate, 402 
Methyl propyl ether, 126 
Methylpropyl ketone, 150 
Methylpyridine, 536 
Methylpyridinium hydroxide, 535 
Methylpyridylpropanone, 545 
Methylpyrimidinedione, 610 
Methylpyrimidylsulfanilamide, 468 
Methylpyrrolidine, 16, 547 
Methylrosaniline, 376 
Methyl rubber, 151 

Methyl salicylate, 70, 182, 253, 262, 284 

Methylstearic acid, 212 

Methylsulfanilamidothiazole, 471 

Methyl sulfate, 248 

Methyl sulfide, 447 

Methyltestosterone, 200 

Methyltetrahydropapaverine, 576 

Methylthiazolylsulfanilamide, 472 

Methylthionine chloride, 632 

Methyltolylcarbinol, 98 

Methyltryptophan, 530 

Methylvinylcarbinol, 80 

Methyl violet, 376 

Metopon, 580 

Metycaine, 352, 356 

Meyer-Overton theory, 50, 683 

Milk sugar, 173 

Millon’s reaction, 409 

Mineral oil, 7 

Mirror images, 636 

Mitigal, 451 

Model cell, 691 

Molecular shape, 686 

Molecular size, 685 

Molisch reaction, 513 

Monamine oxidase, 373 

Monobromated camphor, 167 

Monobromocamphor, 167 

Monobromosalicyl alcohol, 118 

Monocaine, 351, 355 

Monochloroethane, 51 

Monochlorothymol, 118 


Monocrotaline, 529 
Monoglycol salicylate, 262 
Monomestrol, 113 
Monosaccharide, 169 
Monosaccharose, 169 
Monothioglycerin, 453 
Morphine, 574, 576, 691 
Morpholinohexyl phenylcyclohexane- 
carboxylate, 359 
Moth proofing, 450 
Mucic acid, 654 
Mucilage, 177 
Mucilose, 177 
Mucin, 407 
Mucoids, 407 
Muconic acid, 33 
Muscarine, 328, 380 
Musk, 157 
Muskone, 157, 158 
Mustard gas, 447 
Mustard oil, 186, 313 
Myanesin, 127 
Mycophenolic acid, 272, 423 
Myocrisine, 500 
Myrcene, 17, 284 
Myricyl alcohol, 75 
Myricyl cerotate, 253 
Myricyl palmitate, 253 
Myristic acid, 207, 213, 277 
Myristicin, 130, 289 
Myristin, 280 
Myristyl alcohol, 62, 75 
Myrosin, 186 
Myrrh, 288 

Naphazoline, 370, 605 

Naphthalene, 33 

Naphthocaine, 356 

Naphthol, 98, 104 

Naphthol benzoate, 257, 258 

Naphthylamine, 306 

Naphthylmethylimidazoline, 371, 605 

Naphthyl thiourea, 455 

Naphuride, 405 

Narcein, 574 

Narcoform, 52 

Narcosis, theory of, 683 

Narcotine, 574, 577 

Natural gas, 1 

Natural mixtures, 274 
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Navigan, 359 

Nencki’s salol principle, 257 

Neoantergan, 335 

Neoarsenobenzol, 491 

Neoarsphenamine, 491 

Neocinchophen, 550 

Neodiarsenol, 491 

Neohetramine, 335 

Neohombreol, 199, 200 

Neoiopax, 542 

Neoisomenthol, 659, 672 

Neokharsivan, 491 

Neomenthol, 84, 672 

Neonal, 612 

Neopentane, 3 

Neopentyl alcohol, 63 

Neoprontosil, 471 

Neoprotocuridine, 584 

Neosalvarsan, 491 

Neostam, 494 

Neostigmine, 534 

Neosynephrine, 364, 365 

Nepetalactone, 271 

Nerol, 81, 284, 677 

Nerolidol, 82 

Neurine, 328 

Neuronal, 398 

New orthoform, 344 

Niacin, 537 

Nicotimine, 547 

Nicotinamide, 298, 538, 621 

Nicotine, 547 

Nicotinic acid, 537, 621 

Nicotinyltaurine, 539 

Nicotyrine, 547 

Nikethamide, 539 

Ninhydrin, 159 

Nipectin, 179 

Nirvanol, 608 

Nitraniline, 684 

Nitration, 5 

Nitric acid, 208 

Nitrobenzene, 438, 440 

Nitrobenzenesulfonamide, 463 

Nitrobenzenesulfonyl chloride, 463 

Nitrochloroform, 440 

Nitro compounds, 437 

Nitroethane, 438 

Nitrofurazone, 513 

Nitrofurfural semicarbazone, 513 


Nitrogen mustards, 323 
Nitroglycerin, 248 
Nitrohydroxymercuricresol, 506 
Nitromersol, 506 
Nitromethane, 437, 438 
Nitroparaffins, 5, 437 
hydrolysis of, 205 
Nitrophenol, 441 
Nitropropane, 438 
Nitrosation, 367 
Nitrosoamines, 313 
Nitrosoantipyrine, 600 
Nitrosobenzene, 439 
Nitrothiophenecarboxamide, 396 
NMRI-201, 87 
NMRI-448, 87 
Nonacosane, 2, 3 
Nonacosanone, 4, 152 
Nonadecane, 2 
Nonalactone, 265 
Nonaldehyde, 139 
Nonanal, 139, 145 
Nonandioic acid, 215 
Nonane, 2, 122 
Nonanoic acid, 207, 213 
Nonanol, 62 
Nonanone, 150, 152 
Nonyl alcohol, 62 
Nonylresorcinol, 102 
Norcholanic acid, 498 
Norephedrine, 367 
Norepinephrine, 365 
Norleucine, 384 
Normuskone, 157 
Nomicotine, 547 
Noetal, 612 
Notatin, 420 
Novaspirin, 261 
Novasurol, 507 
Novatophan, 550 
Novatrin, 588 
Novocaine, 345, 353 
Novonal, 398 
Nuclein, 407 
Nucleohistone, 407 
Nucleoprotein, 407 
Nujol, 7 
Nupercaine, 360 
Nutrition factor, 621 
Nylon, 413 
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Ocimene, 17 
Octacosane, 2, 3 
Octacosanoic acid, 213 
Octadecadienoic acid, 218 
Octadecane, 2 , 3 
Octadecanoic acid, 207, 212, 213 
Octadecatrienoic acid, 218 
Octadecenedioic acid, 679 
Octadecenol, 82 
Octadecylglyceryl ether, 127 
Octaldehyde, 139 
Octanal, 145 
Octandioic acid, 215 
Octane, 2, 6 

Octanoic acid, 207, 211, 213 
Octanol, 62 
Octanone, 150 
Octofollin, 114 
Octopine, 387 
Octyl acetate, 253 
Octyl alcohol, 62 
Octylamine, 306 
Octyl resorcinol, 102 
Odor, 690 

Oenanthaldehyde, 139 
Oenanthic acid, 207, 213 
Oenanthyl hydrochloride, 317 
Oil, cod liver, 92 
mineral, 7 

of Allium ursinum, 447 
of almond, 280 
of anise, 130, 147, 284 
of apple, 252 
of banana, 252 
of Barosma betulina, 156 
of bay, 130 
of bergamot, 81, 284 
of betel leaves, 99 
of betula, 262 
of birch tar, 284 
of bitter almonds, 145, 284 
of bitter orange, 284 
of caraway, 284 
of cardamon, 284 
of cassia, 139, 149 
of catnip, 271 
of cedar leaf, 284 
of chenopodium, 132, 284 
of cinnamon, 149, 284 


INDEX 

Oil, of cinnamon bark, 152 
of clove, 152, 284 
of coriander, 139, 284 
of dill, 130 

of eucalyptus, 129, 156, 284 
of fennel, 130, 147, 284 
of Gaullheria, 262 
of hemp, 115 
of iris, 152 
of juniper, 284 
of kurmoji, 155 
of lavender, 86, 284 
of lemon, 283, 284 
of lemon grass, 139, 149 
of linaloe, 81 
of mirbane, 440 
of mustard, 186, 284 
of myrcia, 284 
of neroli, 81, 97, 253 
of nutmeg, 130, 284 
of orange, 284 

of orange flower, 139, 284, 395 

of orris, 139 

of pear, 252 

of pennyroyal, 156 

of peppermint, 83, 284 

of pimenta, 284 

of pineapple, 252 

of pine needles, 284 

of rose, 81, 97, 139, 284 

of rosemary, 86, 284 

of rue, 152 

of sage, 156 

of santal, 284 

of sassafras, 130, 284 

of spearmint, 155, 284 

of sweet birch, 262 

of tansy, 156 

of thuja, 156 

of turpentine, 284 

of thyme, 284 

of vetiver, 157 

of violet, 139 

of wintergreen, 180, 253, 262 
of wormwood, 156 
olive, 280 n 
sandalwood, 87 
Oils, iodized, 226 
Oleandrin, 187 
Oleandrose, 187 
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Olefins, 9 

Oleic acid, 218, 679 
Olein, 276, 280 
Oleoresins, 285 
Oleovitamin A, 92 
Oleovitamin A and D, 96 
Oleovitamin D, 96 
Oleyl alcohol, 82 
Oleylglyceryl ether, 127 
Olibanum, 288 
Oligosaccharides, 172 
Ottporphyrin, 528 
Opium, 573 

Oppenauer oxidation, 64 

Optochin, 554 

Ordeal bean, 533 

Oreton, 199, 200 

Organometallic compounds, 496 

Oridine, 226 

Ornithine, 316 

Ortal, 612 

Orthoform, 344 

Osmoceptors, 690 

Ouabain, 187 

Ovalbumin, 407 

Ovoflavin, 621 

Ovogal, 412 

Oxalic acid, 214, 215, 237 
Oxamic acid, 399 
Oxamide, 399 
Oxidase, 293 

Oxidation of alcohols, 67, 204 
Oxidation of aldehydes, 204 
Oxidation-reduction potential, 688 
Oxidized cellulose, 175 
Oximes, 138 
Oxophenarsine, 487 
Oxybiotin, 607 
Oxycel, 175 

Oxygen heterocycles, 511 
Oxyhemoglobin, 526 
Oxythiamine, 620 

Palmitic acid, 207, 212, 213, 277 
Palmitin, 276, 280 

Pamaquin, 559 _ _, 

Pancreatin, 301 
Pantopon, 579 

Pantothenic acid, 392, 400, 621 
Pantothenyl alcohol, 403 


Papain, 301 
PAPP, 382 

Para-acetaldehyde, 146 
Parachloralose, 166 
Paraffin, 9 
liquid, 7 

Paraffin hydrocarbons, 1 

Paraffin oil, 7 

Paraformaldehyde, 141 

Paraldehyde, 144, 145 

Parathion, 479 

Parenamine, 394 

Partition coefficient, 684 

Patulin, 116, 422 

Pavatrine, 359 

Pectin, 178 

Pectinic acid, 178 

Pelargonic acid, 207, 213 

Pelargonidin, 518 

Pelletierine, 545 

Pellidol, 379 

Pellotine, 573 

Penaldic acid, 418 

Penatin, 420 

Penicillamine, 418 

Penicillase, 418 

Penicillic acid, 422 

Penicillin, 417 

Penicilloic acid, 418 

Penillic acid, 418 

Peniloaldehyde, 418 

Pentachlorobenzene, 44 

Pentachlorodiethyl sulfide, 447 

Pentachloroethane, 43, 54 

Pentachlorophenol, 118 

Pentacosane, 2, 3, 4 

Pentadecane, 2 

Pentadecanoic acid, 207 

Pentadecylcatechol, 112 

Pentadiene, 17 

Pentahydroxyflavone, 519 

Pentahydroxyflavylium chloride, 518 

Pentahydroxypentane, 78, 652 

Pentamethylrosaniline, 376 

Pentamidine, 428 

Pentanal, 139 

Pentandioic acid, 215 

Pentane, 2, 3, 6, 7, 122 

Pentanethiol, 445 

Pentanoic acid, 207, 213 
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Pentanol, 62, 63, 69, 74 
Pentanone, 150 
Pentanucleotide, 413 
Pentaquine, 561 
Pentatriacontane, 2 , 3 
Pentobarbital, 612 
Pentosans, 170 
Pentose, 169 
Pentothal, 613 
Peonidin, 518 
Pepper alkaloids, 645 
Pepsin, 301 
Peptides, 408 
Peptones, 408 
Perandren, 199 
Perchloroethylene, 52 
Perhydrofarnesyl bromide, 82 
Perhydrolycopene, 20 
Perhydrosqualene, 19 
Periodic table, 693 
Periplocin, 187 
Periplocymarm, 187 
Periplogenin, 187 
Perkin reaction, 223, 513 
Permeability factor, 520 
Pemoston, 612 
Peroxidase, 294 
Perperine, 576 
Peru balsam, 290 
Pervitin, 368 
Petrohol, 73 
Petrolatum, 7, 8 
Petroleum, 1 
Petroleum benzine, 7 
Petroleum ether, 1, 7 
Petroleum jelly, 8, 9 
Petroleum wax, 9 
Phanodorn, 612 
Phellandrene, 25, 26, 284 
Phemerol chloride, 320 
Phenacaine, 363 
Phenacetin, 329, 330, 363 
Phenacyl chloride, 167 
Phenanthrene, 34 
Phenantoin, 608, 609 
Phenazone, 598 
Phenecoll, 331 
Phenethyl alcohol, 97 
Phenethylamine, 364 
Phenetidine, 330, 363 


Phene tole, 122 
Phenetsal, 332 
Phenobarbital, 612 
Phenol, 56, 102, 103 
Phenolase, 373 
Phenol coefficient, 100 
Phenolic acids, 235 
Phenolic alcohols, 115 
Phenolic aldehydes, 147 
Phenolic glycosides, 182 
^^^Phenolphthalein, 242 
Phenol red, 246 
Phenolsulfazole, 474 
Phenolsulfonphthalein, 246 
Phenoltejrabromophthalein 
244 


sulfonate, 


Phenoltatrachlorophthal^in, 243 
Phenothiazine, 625.^^ 

Phenoxethol, 128 
Phenoxides, 100 
Phenylacetaldehyde, 147 
Phenylacetamide, 398 
Phenylacetylcarbinol, 367, 660 
Phenylacrolein, 149 
Phenylacrylic acid, 223 
Phenylalanine, 316, 383, 387, 391, 665, 
658 

Phenylallylbarbituric acid, 612 
Phenylaminopropane, 368 
Phenylaminopropanol, 367 
Phenylanthranilic acid, 395 
Phenylarsine, 484 
Phenylareonic acid, 485 
Phenylazocarboxamide, 406 
Phenylazodiaminopyridine, 540 
Phenylbenzopyran, 518 
Phenylcarbinol, 97 
Phenylchloromethyl ketone, 167 
Phenylcinchoninic acid, 550 
Phenylcyclohexanol, 87 
Phenyldichlorarsine, 484 
Phenyldimethylpyrazolone, 598 
Phenylephrine, 365 
Phenylethanol, 97 
Phenylethanolamine, 695 
Phenylethyl alcohol, 97, 284 
Phenylethylamine, 316, 364 
Phenylethylene, 290 
Phenylethyl ether, 129 
Phenylethylglycolic acid, 662 
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Phenylethyl ketone, 367 

Phenylfluoroethylamine, 696 
Phenylglycine, 531 
Phenylglycinearsonic acid, 488 
Phenylhydrazine, 375 
Phenyl hydroxide, 98 
Phenylhydroxylamine, 439 
Phenylmethanol, 97 
Phenylmethylaminopropane, 368 
Phenylmethylaminopropanol, 366 

Phenylmethyl ether, 122, 129 
Phenylmethyl ketone, 160 
Phenylmethylpyrazolone, 598 
Phenylmethylurea, 405 
Phenylnitropropanol, 662 
Phenylphenoxytriethylamine, 342 
Phenylpropenol, 98 
Phenylpropylamine, 695 
Phenylpropyl ether, 122 
Phenylquinolinecarboxylic acid, 550 
Phenyl salicylate, 257, 263 
Phenylsemicarbazide, 406 
Phenyl8ulfamic acid, 460 
Phenylthiourea, 455 
Phenylurea, 405 
Phenylurethane, 322 
Pheophytin, 528 
Phloretin, 182, 183 
Phloridzin, 107 
Phlorizin, 182, 183 
Phloroglucinol, 106 
Phloroisocaprophenone, 165 
Phorone, 140 
Phosgene, 49 
Phosphanilic acid, 479 
Phosphatidic acid, 250 
Phosphine, 478 
Phosphocholine, 694 
Phospholipids, 250 -— 
Phospholipin, 407 
Phosphoproteins, 407 
Phosphorylation, 299 
Photoreception, 88 
Photosynthesis, 141 
Phthaleins, 242 
Phthalic acid, 259 
Phthalic anhydride, 239, 242 
Phthalimide synthesis, 309, 387 
Phthalylsulfathiazole, 470 
Phthiocol, 162 


Phycoerythrin, 407 

Phylloquinone, 161 

Physiocochemical properties, 681 

Physostigmine, 534 

Phytadienic acid, 219 

Phytic acid, 251 

Phytin, 251 

Phytofluene, 31 

Phytol, 19, 82, 527 

Phytylmethylnaphthoquinone, 161 

Picoline, 536 

Picramide, 443 

Picric acid, 442 

Picropodophyllin, 271 

Picrotoxin, 533 

Picryl chloride, 443 

Pilocarpine, 606, 691 

Pimelic acid, 215 

Pinacol, 16, 151 

Pinacolone, 151 

Pinane, 28 

Pinene, 28, 156, 284 

Piperazines, 632 

Piperic acid, 546 

Piperidine, 306, 536, 546 

Piperidinoethyl acetyltropate, 359 

Piperidinopropanedioldi5w-(phenyl- 

urethane), 362 

Piperidinopropyl cyclohexyloxybenzoate, 

360 

Piperidylquinolylcarbinol, 558 
Piperitenone, 156 
Piperitone, 156 
Piperocaine, 346 
Piperonal, 147 

Piperonylacetoacetic acid, 552 
Piperothesine, 346 
Piperoyl chloride, 545 
Plasma, 413 
Plasmochin, 559 
Plycocyan, 407 
Podophyllotoxin, 271 
Podophyllum, 291 

Polyamine formaldehyde resins, 290 
Polygonin, 185 
Polymerization reactions, 12 
Polymixin, 426 
Polyoses, 174 
Polysaccharides, 174 
Polysaccharose, 169 
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Polyterpenes, 283 
Pomegranate alkaloids, 544 
Pontocaine, 355 
Porphyrin, 528 

Potassium guaiacolsulfonate, 458 

Potassium sulfocyanate, 456 

Potassium thiocyanate, 456 

Pot curare, 583 

P-P factor, 621 

Pregnyl, 197 

Preparation K, 451 

Primary alcohols, 62 

Primary glycosides, 180 

Primeverose, 182 

Priodax, 235 

Priscol, 605 

Privine, 270, 605 

Proactinomycin, 415 

Procaine, 345, 352, 353 

Procaine penicillin, 420 

Proenzymes, 299 

Proflavine, 569 

Progesterone, 196, 198 

Progestin, 198 

Progynon, 198 

Prolamins, 407 

Prolan, 197 

Proline, 385, 391, 524, 565 
Proluton, 198 
Promin, 471 
Promizole, 473 
Prontosil, 463 
Prontosil album, 465 
Prontosil flavum, 471 
Prontylin, 465 

Propadrine, 367, 371, 661, 686 
Propadrine benzoic ester, 351 
Propamidine, 427 
Propanal, 139 
Propandioic acid, 215, 216 
Propane, 2, 122 
Propanediol, 76 
Propanoic acid, 207, 211 
Propanol, 62, 69, 73, 76, 684 
Propanethiol, 445 
Propanetriol, 76, 77 
Propanone, 150 
Propazone, 616 
Propenal, 139 
Propene, 10, 14 


Propenol, 80 

Propenyl phenyl methyl ether, 129 
Propenylpyridine, 544 
Propionaldehyde, 139 
Propionamide, 397 
Propionic acid, 207, 211 
Propionyl chloride, 239 
Propionylcholine, 328 
Proposote, 131 

Propoxyaminonitrobenzene, 443 
Propyl alcohol, 62, 66, 68, 73 
Propylamine, 306 
Propylbenzene, 33, 122 
Propylbutylcarbinol, 643 
Propylcarbinol, 62, 67, 74 
Propyl chloride, 53 
Propyl cinnamate, 290 
Propyl cyanide, 689 
Propylene, 78 
Propylene chloride, 54 
Propylene glycol, 76, 77 
Propyleneglycol stearate, 255 
Propyl hydroxybenzoate, 259 
Propyl mercaptan, 445 
Propylmercury chloride, 503 
Propylmethylaminc, 306 
Propylmethylcarbinol, 63 
Propylparaben, &9 
Propyl parasept, 259 
Propylphenol, 102 
Propylpiperidine, 544 
Propylresorcinol, 102 
Propyl sulfide, 447 
Propylthiouracil, 614, 616 
Proscillaridin, 187 
Proseptazine, 473 
Prosthetic group, 292, 295 
Prostigmine, 534, 692 
Protamines, 407 
Protamin zinc insulin, 413 
Protargentum, 412 
Protargin, 500, 501 
Protargol, 412, 501 
Proteans, 408 
Protease, 293 
Protein hydrolysates, 394 
Proteins, 391, 406 
Protein therapy, 393 
Proteoses, 408 
Protocatechuic acid, 235 
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Protocuridine, 584 
Protopectin, 178 
Protopine, 574 

Protoplasmic reaction, 662, 681 
Protoporphyrin, 528 
Provitamin A, 30 
Prulaurasin, 181 
Prunasin, 181 
Pseudocodeine, 579 
Pseudoephedrine, 648, 665 
Pseudomorphine, 574 
Pseudopelletierine, 545 
Pseudotropanol, 591, 674 
Pteridine, 628 
Pteroic acid, 630 
Pteroylglutamic acid, 629 
Pteroyltriglutamic acid, 630 
Ptomaines, 316 
Puberulic acid, 423 
Pulegone, 156 
Pulsatilla camphor, 266 
Purine, 625 

Purpurea glycoside, 187 

Purpurin, 185 

Putrescine, 316 

Pyocyanase, 424 

Pyocyanjn, 424 

Pyolipic acid, 229 

Pyramidon, 599, 684 

Pyraminol, 614 

Pyran, 515 

Pyrazine, 610 

Pyrazole, 597 

Pyrazylsulfanilamide, 469 

Pyrethrin, 256 

Pyrethrolone, 522 

Pyribenzamine, 335 

Pyridazine, 610 

P yridine, 306, 535, 690 

Pyridinecarboxylic acid, 537, 571 

Pyridium, 540 

Pyridonarsenolaminohydroxy benzene, 
491 

Pyridonarsonic acid, 487 
Pyridoxal, 542 
Pyridoxamine, 542 
Pyridoxine, 540, 621 
Pyridylmethyl ketone, 538 
Pyridylsulfanilamide, 466 
Pyrimidine, 610, 611 


Pyrimidinedione, 610 

Pyrimidylsulfanilamide, 467 

Pyrithiamine, 620 

Pyrocalciferol, 675 

Pyrogallic acid, 106 

Pyrogallol, 98, 106 

Pyrogallol triacetate, 107 

Pyrogens, 175 

Pyrollazote, 336 

Pyrolysis of hydrocarbons, 10 

Pyrones, 515 

Pyroracemic acid, 237 

Pyroxylin, 175 

Pyrrole, 523, 690 

Pyrrolidine, 314, 523, 547 

Pyrrolidinecarboxylic acid, 385, 524 

Pyrrolidinoethyl aminobenzoate, 352 

Pyrrolidone, 523 

Pyruvaldehyde, 237 

Pyruvic acid, 237, 565 

Quaternary ammonium compounds, 319 
Quercitin, 519 
Quercitrin, 520 
Quinacrine, 562 
Quinamine, 556 
Quinatoxine, 558 
Quinidinal, 554 
Quinidine, 554, 556 
Quininal, 554 
Quinine, 554, 555, 691 
Quinine bismuth iodide, 509 
Quinine, synthesis of, 557 
Quininone, 558 
Quiniobine, 509 
Quinol, 98, 105, 182 
Quinoline, 549 
Quinolinic acid, 549 
Quinone, 160 
of tyramine, 373 
Quinuclidine heterocycle, 553 
Quitenidine, 554 
Quitenine, 554 

Racemic modification, 645 
Radioactive tracers, 695 
Raman spectrum, 690 
Rayon, 455 

Reaction of diastereoisomers with 
enzymes, 659 
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Reaction rates of diastereoisomers, 658 
Redeman’s synthesis, 388 
Redmanol, 291 
Reduction of acids, 64 
Reduction of aldehydes, 64 
Reduction of arseno group, 486 
Reduction of hydrazones, 307, 389 
Reduction of ketones, 64 
Reduction of nitriles, 308, 435 
Reduction of nitrohydrocarbons, 307 
Reduction of oximes, 307, 389 
Reformatzky reaction, 137 
Region, 470 

Reichert-Meisel number, 279 
Relative configuration, 439 
Rennin, 301 
Resenes, 286 
Resin acids, 286 
Resin alcohols, 286 
Resinat, 290 
Resinolic acid, 290 
Resins, 285 

Resorcinol, 98, 102, 105 

Resorcinol acetate, 105 

Resorcinolphthalein, 245 

Resyl, 127 

Retinine, 88, 91 

Rhamnoascorbic acid, 269 

Rhamnose, 170, 176, 185, 187, 191 

Rhein, 185 

Rhigolene, 7 

Riboflavin, 293, 296, 621 

Ribosazone, 653 

Ribose, 168, 170, 650 

Ricinine, 540 

Ricinoleic acid, 232 

Ricinolein, 280 

Riodine, 255 

Ripening of fruit, 13 

Ristone, 407 

Rivanol, 569 

Rochelle salt, 231 

Rodilone, 473 

Roelen synthesis, 135 

Rosaniline, 376 

Rosin, 288 

Rotenone, 522 

Rubber, 15 

Ruberythric acid, 185 

Rubiazol, 473 


Rubi chrome, 93 
Rubixanthin, 92 
Rum, essence of, 252 
Rutin, 521 

Sabinene, 28 
Saccharic acid, 653 
Saccharin, 246, 459 
Safrole, 129, 130, 284 
Sajodin, 226 
Salachyl alcohol, 127 
Sal ethyl, 262 
Sal ethyl carbonate, 263 
S ^icin, 115, 18 0, 182, 183 
S&licitrin, 261. • • ' 

Salicyl alcohol, 115 
Salicylaldehyde, 147 
Salicylamide, 399, 684 
Salicylic acid, 234, 259 
Salicylphenetidin, 331 
Salicylsalicylic acid, 262 
Saligenin, 115, 182 
Salipyrine, 602 
Salisal, 262 
Salmester, 262 
Sal mine, 407 
Salol, 258, 263 
Salol principle, 257 
Salophen, 332 
Salsoline, 573 
Salvarsan, 489 
Salyrgan, 507 
Samb uni grin, 181 
Sana mid e, 465 
Sandarac, 288 

Sandmeyer-Gatterman reaction, 66 
Sandoptal, 612 
Santalol, 87, 284 
Santalyl salicylate, 263 
Santobrite, 118 
Santonin, 270 
Santyl, 263 
Sapogenin, 191 
Saponification, 278 
value, 279 
Saponins, 190 
Sapotalene, 191 
Sarcolactic acid, 227 
Sarmentocymarin, 187 
Sarmentogenin, 187 
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Sarmentose, 187 
Sarsapogenin, 191, 192 
Sareaponin, 191 
Scammonin, 291 
Scarlet red, 378 
Schiff bases, 138 

hydrogenation of, 310 
Scillain, 180 
Scillaren, 187 
Scillaridin, 187 
Scleroproteins, 407 
Scopine, 587 
Scopolamine, 587 
Scorbamic acid, 270 
Sebacic acid, 215 
Seconal, 612 

Secondary glycosides, 180 
Sedormid, 404 
Semicarbazones, 138 
Senecialdehyde, 16, 148 
Septazine, 473 
Serine, 384, 391, 411 
Sesame oil, 280 
Sesquiterpene, 17, 283 
Sestron, 317 
Sex hormones, 113, 195 
S-Guaiazultne, 37 
Shellac, 288 
Shutz rule, 293 
Siaresinol, 290 
Siaresinolic acid, 290 
Sigmodal, 612 
Silver arsphenamine, 490 
Silver compounds, 500 
Silver lactate, 228 
Silver neoarsphenamine, 491 
Silver picrate, 442 
Silver protein, 412, 500 
Silver trinitrophenoxide, 442 
Silvol, 412, 501 
Sinalbin, 186 
Sinapinic acid, 186 
Sinigrin, 186, 455 
Skatole, 530 
Skimmin, 184 
SLR factor, 630 
SN 390, 562 
SN 971, 559 
SN 2549, 558 
SN 7618, 559 


SN 10275, 559 

SN 13275, 561 

SN 13276, 561 

Soaps, 276, 278, 281 

Sobisminol mass, 510 

Sobisminol solution, 509 

Sodium alginate, 179 

Sodium ethylmercurithiosalicylate, 506 

Sodium iodohippurate, 393 

Sodium morrhuate, 282 

Sodium stearate, 212 

Sodium thioglycolate, 450 

Solanaceous alkaloids, 584 

Solargentum, 412, 501 

Solarson, 482 

Solganal, 499 

Solubility of diastereoisomere, 657, 
658 

Solvent ether, 124 
Somnoform, 52 
Sorbitol, 79, 267 
Sorbosazone, 267 
Sbrensen titration, 390 
Sparteine, 594 
Specific rotation, 637 
Spermaceti, 253, 254 
Spermine, 316 
Spherophysine, 430 
Sphingomyelin, 250 
Sphingosin, 250 
Spinacene, 19 
Spinulosin, 422 
Spirosal, 262 
Squalene, 19 
S.T. 37, 111 
Stachydrine, 525 
Stanolax, 7 
Starch, 170, 174 
Staticin, 474 

Stearic acid, 207, 212, 213, 277 
Stearin, 276, 280 
Stearodine, 255 
Stearoptene, 283 
Stearyl alcohol, 75 
Sterculla gum, 177 
Stereoisomerism, 635 
Sterols, 92 
isomerism in, 675 
Sterol skeleton, 34 
Stibamine, 494 
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Stibine, 478 

Stibophen, 493 

Stibosan, 494 

Stilbamidine, 427 

Stilbestrol, 112 

Stilpalmitate, 113 

Storax, 290 

Stovarsol, 486 

Stramide, 465 

Strecker synthesis, 387 

Streptal, 465 

Streptidine, 416 

Streptobiosamine, 416 

Streptocide, 465 

Streptomycin, 415 

Streptose, 416 

Streptothricin, 417 

Streptozon, 471 

Strophanthidin, 187 

Strophanthin, 187 

Strychnine, 533, 691 

Sturine, 407 

Stypticine, 577 

Styrene, 290 

Suberic acid, 215 

Substitution, 41 

Substrate, 292 

Subtilin, 424 

Succinamide, 400 

Succindialdehyde, 585 

Succinic acid, 215, 216 

Succinic anhydride, 239 

Succinic dehydrogenase, 294 

Succinimide, 400 

Succinylsalicylic acid, 261 

Succinylsulfanilamidothiazole, 470 

Succinylsulfathiazole, 470 

Sucrol, 405 

Sucrose, 72, 173 

Suet, 280 

Sugar, 173 

Sulamyd, 470 

Sulfacet, 470 

Sulfacetamide, 470 

Sulfadiazine, 467 

Sulfaethylthiadiazole, 472 

Sulfaguanidine, 469 

Sulfamerazine, 468 

Sulfamethazine, 468 

Sulfamethylthiazole, 471 


Sulfaminoantipyrine, 601 
Sulfamylon, 472 
Sulfamylpyridine, 474 
Sulfanilamide, 462 
Sulfanilamidodiazine, 467, 469 
Sulfanilamidodimethylpyrimidine, 468 
Sulfanilamidomethylpyrimidine, 468 
Sulfanilamidopyrazine, 469 
Sulfanilamidopyrimidine, 467 
Sulfanilic acid, 460 
Sulfanilylacetamide, 470 
SuJfanilyldimethylbenzamide, 471 
Sulfanilylguanidine, 469 
Sulfanilylsulfanilamide, 472 
Sulfanilylxylamide, 471 
Sulfapyrazine, 469 
Sulfapyridine, 466 
Sulfarsphenamine, 491 
Sulfasuxidine, 470 
Sulfathalidine, 470 
Sulfathiazole, 467 
Sulfhydryl groups, 300, 449 
Sulfinic acid, 457 
Sulfobromophthalein, 244 
Sulfonal, 168, 452 
Sulfonamide therapy, 475 
Sulfonaphthylazonaphtholdiaulfonic 
acid, 379 

Sulfonation, 5, 457 
Sulfonethylmethane, 452 
Sulfones, 452 
Sulfonic acid, 457 
Sulfonium ions, 449 
Sulfonmethane, 452 
Sulfuric acid, 208 
Sulfuric ether, 124 
Suprarenin, 365 
Suprasterol, 94 
Suramin sodium, 405 
Surfacaine, 360 
Surface area, 685 
Surgical gut, 413 
Surgical silk, 413 
Sylvan, 512 
Sylvie acid, 220 
Synephrine, 364, 365, 665 
Synkavite, 163 
Synthesis, asymmetric, 660 
Syntropan, 588 
Syringaldehyde, 147 
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Syringidin, 518 
Systogene, 364 

Tachysterol, 94 
Talomucic acid, 654 
Talosc, 650, 654 
Tannic acid, 194 
Tannin proteinates, 194 
Tannins, 192 
Tannyl acetate, 194 
Tar acids. 100 
Tartar emetic, 231 

Tartaric acid, 231, 638, 648, 651, 660 

Tartroquiniobine, 509 

Tartrated antimony, 231 

Taurine, 233, 460 

Taurocholic acid, 233 

TEA, 319 

Tegosept, 259 

Ten-eighty, 224 

TEP, 251 

Terpane, 22 

Tcrpancdiol, 129 

Terpanol, 83 

Terpene, 16, 283 

Terpene aldehydes, 690 

Terpene ketones, 155 

Terpenoid alcohols, 80 

Terpin, 85 

Terpinene, 26 

Terpineol, 85 

Terpin hydrate, 86 

Testosterone propionate, 199 

Tetiothalein, 244 

Tetrabromomethane, 42 

Tetrabromophenolphthalein, 244 

Tetrabromophthalic anhydride, 244 
Tetracaine, 355 
Tetrachlorobenzene, 44 
Tetrachlorodiethyl sulfide, 447 
Tetrachloroethane, 43, 54 
Tetrachloroethylene, 49, 52 
Tetrachloromethane, 42, 50 
Tetrachlorophenol, 118 
Tetracosane, 2, 3 
Tetracosanoic acid, 213 
Tetradecanal, 139 
Tetradecane, 2 
Tetradecanoic acid, 207, 213 
Tetradecanol, 62 


Tetraethylammonium chloride, 319 
Tetraethyllead, 496 
Tetraethyl pyrophosphate, 251 
Tetrafluoromethane, 42, 47 
Tetrahydrocannabinol, 115 
Tetrahydrofuran, 512 
Tetrahydroisoquinoline, 571 
Tetrahydronaphthalene, 33 
Tetrahydronicotinic acid, 538 
Tetrahydropyrrole, 523 
Tetrahydroquinoline, 549 
Tetrahydrourushiol, 112 
Tetrahydroxyadipic acid, 653, 654 
Tetrahydroxybutane, 78, 651 

Tetrahydroxydimethoxyflavylium 

chloride, 518 

Tetrahydroxyflavone, 519 
Tetrahydroxyflavylium chloride, 518 
Tetrahydroxymethoxyflavylium 

chloride, 518 
Tetraiodomethane, 42 
Tetraiodophenolphthalein, 244 
Tetraiodophthalein, 244 
Tetraiodopyrrole, 526 
Tetralin, 33 

Tetramethylaminotriphenylcarbinol, 377 

Tetramethyldiarsine, 481 

Tetramethyleneimine, 523 

Tetramethylene oxide, 512 

Tetramethylethyleneglycol, 151 

Tetramethylpiperidyl mandelate, 588 

Tetranitro-DDT, 58 

Tetraterpene, 20 

Tetronal, 452 

Tetrose, 169 

Thebaine, 574 

Theelin, 198 

Theelol, 198 

Theine, 628 

Thenylene, 335 

Theobroma oil, 280 

Theobromine, 627 

Theocin, 628 

Theophylline, 627 

Thephorin, 337 

Therapin, 280 

Thevetin, 187 

Thiamine, 617, 621 

Thiazole, 617 

Thiazolylethylamine, 617 
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Thiazolylphenolsulfonamide, 474 

Thiazolylsulfamylphthalanilic acid, 470 

Thiazolylsulfamylsuccinanilic acid, 470 

Thiazolylsulfanilamide, 467 

Thienylalanine, 514, 664 

Thioacetals, 168 

Thioacids, 454 

Thioaldehydes, 453 

Thiobismol, 453 

Thiocaine, 348 

Thiocol, 458 

Thiodiglycol, 448 

Thiodiphenylamine, 625 

Thiocthamyl, 513 

Thioethers, 446 

Thioglycerol, 453 

Thioglycolic acid, 450 

Thioketones, 453 

Thiomethylketopentose, 169 

Thionine dyes, 632 

Thiophene, 514 

Thiophenecarboxylic acid, 347 

Thiophenols, 446 

Thiophos 3422, 479 

Thiopropionaldehyde, 453 

Thiouracil, 614, 616 

Thiourea, 455, 614 

Threonine, 383, 384, 411 

Threose, 78, 648, 650, 651 

Thrombin, 412 

Throrabokinase, 302 

Thromboplastic substances, 412 

Thromboplastin, 302 

Thujane, 28 

Thujanol, 86 

Thujanone, 156 

Thujene, 28 

Thujone, 156, 284 

Thujyl alcohol, 86 

Thyme camphor, 110 

Thymine, 610 

Thymol, 98, 99, 110, 284, 684 
Thymol carbonate, 257 
Thymol iodide, 119 
Thymoxyethyldiethylamine, 333 
Thyroxine, 386, 391, 664 
Tiglic acid, 217, 279, 592, 678 
Tigogenin, 191, 192 
Tigonin, 191 
Tissue fibrinogen, 412 


TNT, 438 

Tobacco alkaloids, 547 
Tocopherol, 521 
Tolserol, 127 
Tolu balsam, 290 
Toluene, 32 

Toluenesulfonchloramide, 459 
Toluenesulfondichloramide, 459 
Toluenesulfonylalanine, 643 
Toluenesulfonyl chloride, 459 
Toluenesulfonyllactic acid, 643 
Toluidine, 306 
Tolyl acetate, 110 
Tolylaminopropanol, 694 
Tolylantipyrine, 601 
Tolyldimethylpyrazolone, 601 
Tolylmethylurea, 405 
Tolylsemicarbazide, 375 
Tolylurea, 405 
Tolypyrine, 601 
Totaquine, 556 
Toxisterol, 94 
Tragacanth, 177 
Tragacanthin, 177 
Trasentin, 358 
Traumatic acid, 219 
Treparsol, 487 
Triacetin, 254 
Triacetoneamine, 343 
Triacontane, 2, 3 
Triacontanoic acid, 213 
Triacontanol, 75 
Trialkylethanols, 69 
T ribenzy loxy benzaldehyde, 146 
T ribenzy loxybenzhydrazide, 146 
Tribromobutyl alcohol, 118 
Tribromodi(chlorophenyl)ethane, 59 
Tribromoethanol, 69, 116 
Tribromomethane, 42, 55 
Trichloroacetaldehyde, 48, 165 
Trichloroacetic acid, 224, 225 
Trichlorobenzene, 44, 57 
Trichlorobutyl alcohol, 117 
Trichlorocrotonic acid, 677 
Trichlorodi(acetoxyphenyl)ethane, 59 
Trichlorodi(aminophenyl)ethane, 324 
Trichlorodi(bromophenyl) ethane, 59 
Trichlorodi(chlorophenyl)ethane, 57 
Trichlorodi(ethoxyphenyl)ethane, 59 
Trichlorodi(ethylphenyl)ethane, 59 
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Trichlorodiethyl sulfide, 447 
Trichlorodi (fluorophenyl)ethane, 59 
Trichlorodi (hydroxyphenyl) ethane, 59 
Trichlorodi(iodophenyl)ethane, 59 
Trichlorodi (methoxypheny l)ethane, 59 
Trichlorodiphenylethane, 59 
Trichlorodi(propyloxyphenyl)ethane, 59 
Trichlorodi(propylphenyl)ethane, 59 
Trichloroditolylethane, 59 
Trichloroethanol, 117 
Trichloroethene, 43, 47, 52, 54 
Trichloroethyl carbamate, 402 
Trichloroethylene, 52, 54 
Trichloroisopropyl alcohol, 117 
Trichlorolactonitrile, 436 
Trichloromethane, 42, 48 
Trichloromethyldimethylcarbinol, 117 
Trichloronitromethane, 440 
Trichlorophenylacetoxyphenylethane, 59 
Trichlorophenylchlorophenylethane, 59 
Trichloropropane, 54, 78 
Trichlorotolylchlorophenylethane, 59 
Tricosane, 2, 3 
Tridecanal, 139 
Tridecane, 2 

Tridecanoic acid, 207, 213 
Tridione, 616 
Triethanolamine, 325 
Triethylamine, 306 
Trifluorodi(chlorophenyl)ethane, 59 
Trifluoromethane, 42, 47 
Trigonelline, 539 
Trihydroxybenzenes, 106 
Trihydroxycholanic acid, 233 
Trihydroxyemodin, 185 
Trihydroxyestratriene, 198 
Trihydroxyflavone, 519 
Trihydroxyglutaric acid, 652 
Trihydroxymethylanthraquinone, 185 
Trihydroxypropane, 76 
Trihydroxytropane, 592 
Triiodomethane, 42, 55 
Triisobutylamine, 306 
Triketohydrindene hydrate, 159 
Trillin, 191 
Trimargarin, 238 
Trimethadione, 616 
Trimethoxytetrahydroisoquinoline, 572 
Trimethylamine, 306, 316, 547 
Trimethylarsine, 481 


Trimethylcarbinol, 74 
Trimethyldodecatrienol, 82 
Trimethylene chloride, 54 
Trimethylene glycol, 76 
Trimethylene oxide, 512 
Trimethylethylene, 12 
Trimethylnaphthalene, 191 
Trimethyloxazolidinedione, 616 
Trimethylpentadecanone, 82 
Trimethylpimelic acid, 155 
Tri methylxanthine, 628 
Trimeton, 337 
Trinitrin, 248 
Trinitrophenol, 442 
Trinitrotoluene, 438 
Trional, 452 
Trioxymethylene, 141 
Trioxypurine, 625 
Triphal, 499 
Triphenylarsine, 484 
Triphenylmethane, 376 
Triphenylmethane dyes, 376 
Tripropylamine, 306 
Tritolyl phosphate, 251 
Tritopine, 574 
Tropacocaine, 591 
Tropane, 585, 673 
Tropanol, 585, 591, 673 
Tropanone, 585 
Tropic acid, 228, 586 
Tropine, 585 
Tropyltropeine, 585 
Truxillic acid, 22, 590 
Truxilline, 590 
Trypaflavin, 568 
Tryparsamide, 486 
Trypsin, 299, 302 
Trypsinogen, 299 
Tryptophan, 383, 391, 530, 664 
Tryptophan reaction, 409 
Tuamine, 317 
Tuberculostearic acid, 212 
Tubocurare, 583 
Tubocurarine, 584 
Turnover number, 292 
Turpentine, 289 
Tutocaine, 348, 355 
Tyramine, 316, 364 
Tyramine quinone, 373 
Tyrocidine, 426 
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Tyrosine, 316, 364, 384, 391, 411 
Tyrothricin, 425 

Uliron, 472 
Undecalactone, 265 
Undecanal, 139 
Undecane, 2 

Undecanoic acid, 207, 213 
Undecanol, 62 
Undecanone, 152 
Undecylenic acid, 218 
Undecylic acid, 207, 213 
Universal vitamin, 621 
Unnatural amino acids, 664 
_^-"Unsaturated acids, 217 
Unsaturated aldehydes, 148 
Unsaturation, 9 
Uracil, 610 
, Urea, 403 

Urea stibamine, 494 
Ureides, 404 
Urethane, 401 
Uric acid, 625 
Uricasc, 293 
Uronic acids, 176 
Uroselectan, 542 
Urotropine, 143 
Urushiol, 112 
Uteramine, 364 
Uzarin, 187 

Vaccenic acid, 218 
Valeraldehyde, 139 , 

Valeramide, 684 

Valeric acid, 207, 213 

Valine, 74, 383, 384, 387, 391, 565 

Vanillin, 147, 290 

Van Slyke assay, 390 

van’t Hoff’s rule, 293 

Vapor pressure of diastereoisomers, 658 

Varnish, 291 

Varon, 369 

Vaseline Petroleum Jelly, 9 
Vasimid, 605 
Vasodil, 605 
Veratral, 552 
Veritol, 369 
Veronal, 684 
Vetivazulene, 37 
Vetivon, 157 


Vinbarbital, 612 
Vinethene, 126 
Vinetol, 399 
Vinyl acetate, 79 
Vinyl alcohol, 79 
Vinyl chloride, 79 
Vinyl ether, 126 

Vinyltriraethylammonium hydroxide, 
328 

Vioform, 550 
Viridin, 423 
Viscose, 455 
Vitagen, 383, 679 
Vitamin A, 31, 87 
Vitamin Aj, 90 
Vitamin A aldehyde, 91 
Vitamin A epoxide, 91 
Vitamin A ether, 90 
Vitamin B, 621 
Vitamin B,, 619, 621 
Vitamin B>, 621, 622 
Vitamin B», 621 
Vitamin B«, 383, 621 
Vitamin Bi, 621 
Vitamin B», 621, 640 
V itamin B r , 621, 631 
Vitamin B„ 621, 629 
Vitamin B„, 606 
Vitamin C, 71, 267 
Vitamin D, 94 
Vitamin Da, 96 
Vitamin D trityl ether, 128 
Vitamin E, 52*- p . t 

Vitamin F, 219, 679 
Vitamin G, 621 
Vitamin H, 395, 606, 621 
Vitamin K, 161 
Vitamin L, 621 
Vitamin M, 629 
Vitamin P, 520 
Vitellin, 407, 411 
Volatile oils, 282 
Voluntal, 402 
Vonedrine, 368 
Vuzin, 555 

Walden inversion, 641 
Wax, camauba, 75 
Chinese, 75 
petroleum, 9 


A 


.O 


S 

A. 


d 

<h - 
/-/ _ 

k - , 

/ 


INDEX 


745 


Waxes, 254 

Weightrmaintenance factor, 621 
Weizmann fermentation, 150 
Williamson’s synthesis, 46, 122 
Wint spirit, 71 
Wood alcohol, see Methanol 
Wood creosote, 130, 131 
Wood spirit, 70 
Wurtz synthesis, 4, 46 

Xanthate, 455 
Xanthic acid, 454 
Xanthine, 626 
Xanthone, 185 
Xanthophyll, 92 
Xanthoproteic reaction, 409 
Xanthopterin, 628 
Xanthopurpurin, 185 
Xylans, 170 
Xylene, 32, 33 
Xylocaine, 363 


Xylosazone, 268, 652 

Xylose, 170, 176, 191, 268, 650, 652 

Xylulose, 169 : 

Yatren, 550 
Yellow cross, 447 
Yellow enzyme, 250, 622 

Zeaxanthin, 92 
Zein, 407 
Zephiran, 320 
Zinc phenolsulfonate, 458 
Zinc stearate, 212 
Zinc sulfocarbolate, 458 
Zingherone, 160 
Zingiberol, 289 
Zingiberone, 289 
Zwitter ion, 390 
Zymase, 237, 297 
Zymogens, 299 
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